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SEPARATE 3B 


FRACTION!...... 


Beckman/Spinco Model CP Continuous 
Flow Electrophoresis instrument 

with accessory fraction collector allows 
unattended runs of 72 hours. 


As long as your biochemical or organic mixture is 
water-soluble and the fraction you want is ionized 
— chances are our Model CP Continuous Electro- 
phoresis can separate it — and in quantity. 

In the field for three years, the CP has solved a 
wide array of fractionating and purifying problems. 
In biochemistry the Spinco Model CP separates 
amino acids, peptides, hormones, sterols, bacteria, 
viruses, serum proteins and lipoproteins...is used in 


To: Spinco Division, Beckman Instruments, Inc. 
Stanford Industrial Park, Palo Alto 5, Calif. 


O Please send me applications bulletin 6055 giving typical 
operating conditions and literature references. 


C) Please send descriptive literature and prices on the CP. 
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processing antibiotics and concentrating vaccines. 

In organic chemistry the CP can isolate the end 
product in many types of reactions, in quantities 
up to a gram of pure material a day. Often the vari- 
ous side products can be separated as well. 

If you face the problem of preparing pure frac- 
tions in volume, investigate the CP Continuous 
Electrophoresis now. Fill in the coupon and you will 
receive literature by return mail. 


Beckman: 
Spinco Division 
Beckman Instruments, Inc. 
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| THERE’S 
| 
REASON... 


why Nutritional Biochemicals Corp. is the largest 


























research biochemical house in the world! 


Yes .. . there’s a reason, actually several of them, why more research . 
investigators rely on NBCo than any other biochemicals organization. | Ps 
One of them is that they have found NBCo to be the most 
COMPLETE source for ALL their biochemical needs. Also, they 
know they can depend on every NBCo chemical 

to be of the HIGHEST QUALITY . . . at the LOWEST 
POSSIBLE PRICE! And finally . . . they appreciate NBCo’s 
lightning FAST SERVICE (all orders shipped 


SS 


| within 8 hours of receipt !) Yes, thousands of 
organizations are capitalizing on the many 
advantages Nutritional Biochemicals Corp. 


can offer. Are you? 





} | Our stock of more than 
| | 2,500 items includes: 


@ Over 300 Amino Acids e Steroid Hormones 

Over 90 Peptides © Biological Salt Mixtures 
e Biological Test Materials 
e Carbohydrates 


© More than 200 Nucleoproteins, 
Purines, Pyrimidines 


@ Miscellaneous Biochemicals ——— — 
e Fatty Acids 
* Vitamins ® Antibiotics 
@ Enzymes-Crystalline, Purified @ Alkaloids 
| e Glandular Substances 





Growth Factors 
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In the ‘Laboratory ... where optical quality counts 


... the trend is to UNITRON Microscopes 


Z 


mr? BINOCULAR 
« PHASE- 
CAMERA- 
MICROSCOPE 
BINOCULAR x , BU-13 $1580 
PHASE CONTRAST 


POLARIZING BMPE $490 


MICROSCOPE 
MPS $269 


oP my 


Polaroid Land Camera 
Attachment 
$15 


FREE 
TODAY, TRIAL 


|» ON JANY 
BINOCULAR : > STUDENT AUTO-ILLUMINATION 


___ AUTO-ILLUMINATION XQ >, MICROSCOPE 
> BMLU $425 > “MSA 


" : K | s & . ~ 


oo i ee STEREOSCOPIC 
Pe.) nan ae Photomicrography MICROSCOPE 
(x «eee 

: ’ 


rc Set MSHL $267 ef MP | 
awe | ty ACA $39.95 v/, < 


LABORATORY : ) 


MICROSCOPE 
MLK $198 





UNITRON offers an extensive line of Laboratory Micro- 
scopes & Accessories for Research, Industry and Education. 
UIITTS ge] (to MT Me Mi oXelai(e] MEE] Tol (ols Col mmm ol (o) (ole MAMET tel [oll to 
chemistry and related fields. UNITRON also has companion 
instruments for the metalworking industries. 


1» fo) [Yo Me folme) silo] Me lol in Ame bolita te Ke) oliver] Melate Mut-Yelelip 
Tote] re {Je [a MMM Ual(e [U-MRo late Moolah Z-lall-lal me) oL-Icelifelate] Mi-te] (t]g-%s 
. . . long wearing construction . . . attractive budget prices Compony te 
which include basic optics . . . these, together with years of htein 

proven instrument performance, are the reasons why... 


City. 
THE TREND IS TO UNITRON! 


Please rush UNITRON's Microscope Catalog 4W-2 ff 


Name_ 
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Articles 


Science in the News 


Book Reviews 


Reports 


Association Affairs 
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Volume 130, Number 3385 SCIE: NCE. 


They Have Troubles, Too 


National Radio Astronomy Observatory: R. M. Emberson 


The early history and development of the observatory at Green Bank, West Virginia, 
are reviewed. 


Sulfhydryl-Disulfide Interchange: E. V. Jensen 


This biological chain reaction explains aspects of protein denaturation, blood 
clotting, and mitosis. 


Soviet Scientific Information System Held To Be Much Like Ours in Its Structure and 


Operation; Cooper Union’s Second Century; Jodrell Bank Radio biiiecctaig Con- 
trolled by Computers 


C. S. Hyneman’s The Study of Politics, reviewed by P. H. Odegard; other reviews 


Dissipation of Planetary Atmospheres: V. A. Firsoff 


Escape and Avoidance Conditioning in Human Subjects without Their Observation of the 
Response: R. F. Hefferline, B. Keenan, R. A. Harford 


Elementary-Body Virus Isolated from Clinical Trachoma in California: 
L. Hanna et al. 


Growth Inhibitor in Immature ~— Seeds and 2,4-D- —_— ee Seedlings: 
J. L. Key and D. S. Galitz 


Discrimination Learning: P. L. Carlton 


Role of Trehalose in Ascospores of Neurospora tetrasperma: 
En TOSntaTy CIRCE me... EI bs ok Rs Lc tie eB eetn wd vac kau 


Program Planned for the AAAS Chicago Meeting 


Letters 


Forthcoming Events; 


The spiny oak-slug caterpillar (Euclea delphinii Bdv) feeds on broad-leaf trees, such as 
basswood and apple. The adult moth emerges in June after a complete metamorphosis 
requiring one year. This insect does not cause any great degree of damage since it is 
not common. This is probably the result of high parasitism. Its only known parasite is 
Zenillia blanda (O.S.), a large gray fly (Tachinid). The maggot lives within the host 
caterpillar and eventually kills it, completing its development in the body wall and 
emerging as an adult fly. [Ross Jackson] 
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Robert Boyle...of the usefulness of mathematicks 


“.. Lconsider that without understanding as much of the 
abstruser part of geometry, as Archimedes or Apollonius, 
one may understand enough to be assisted by it in the 
contemplation of nature; and that one needs not know 
the profoundest mysteries of it to be able to discern its 
usefulness...I confess that after 1 began...to discern 


how useful mathematicks may be made to physicks, ] 
have often wished that I had employed about the specu- 
lative part of geometry, and the cultivation of the specious 
Algebra I had been taught very young, a good part of that 
time and industry that I spent about surveying and forti- 
fication...and other practick parts of mathematicks.” 


— Of the Usefulness of Mathematicks... 1663 


THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 


A nonprofit organization engaged in research on problems related to national security and the public interest 
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EXPERIMENT: 


The analytical determination of proper balance 
between price and performance in lab glassware 


Here’s an experiment which you will be interested in trying. Though 
it pertains more to economy than to a physical state or condition, it 
does offer the sound analytical reasoning which you, as a scientist, 
must welcome. 

The premise is this: laboratory glassware is an “expense” item in 
schools and colleges and by cutting this expense substantially every 
science instructor makes available to himself additional money with 
which to purchase other equipment for his laboratory. 

This premise is based, first, on the fact that quality is maintained 
and, second, that the saving involved is substantial enough to warrant 
this time necessary to effect it. 

Actually, this experiment demands little analytical determination 
to ascertain the possible savings involved. One glance at the com- 
parative price chart listed below will show you the kind of savings to . 
which we refer. % 

Remember . . . these prices are for Doerr Diamond D quality * 
glassware . . . glassware which we are proud to emblazon with our | 
Diamond D trade mark. 

If you want facts to prove to school officials and school boards 
your contention that you can effect substantial savings on laboratory 
glassware, send for our booklet, “FACTS” . . . About The Economics Of 
Laboratory Glassware”. Write to: Doerr Glass Company, Dept. M, 
Vineland, N. J. 


COMPARATIVE LIST PRICE CHART 





ITEM BRAND A BRAND B DOERR * \ 
PIPETTE (1 ml in 0.01) $1.31 $1.57 $0.90 
(Serological) 
PIPETTE (5 ml) 1.19 1.36 0.79 
(Volumetric) § | 
PIPETTE (1 ml) 1.14 1.28 0.81 i 
(Ostwald) i 
CENTRIFUGE TUBE (15 ml) —*1.28 1.28 0.69 1 
FLASK (100 ml) 2.73 3.01 1.99 i 
(Glass Stoppered) t 
i 
CYLINDER (100 ml) 2.71 2.94 1.48 fl, 
SEPARATORY FUNNEL (250 ml) 6.22 6.56 5.21 i a 
(Squibb) i 
NOTE: All Diamond D glassware is sold exclusively through . it q 


laboratory supply dealers and cannot be purchased 
direct. We will gladly send you the address of the 
nearest lab supply house that carries the Diamond D 
lines. 





COMPANY 





1 
| NAME TITLE 
| 
| 


DIAMOND “pb”, °"" 
SLASSWARE | Typed STATE 
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PRECISION BACK-REFLECTION CAMERA 


Accurately determines lattice parameters 
of powdered or ground solid specimens. 
This camera has a 60 mm. radius and pro- 
vides optimum resolution at’ relatively 
short exposures. Camera body may be 
evacuated or filled with a light gas for 
higher recorded intensities. Specimen os- 
cillation is provided by a built-in electric 
motor. 

















solids and liquids. 









SINGLE CRYSTAL CYLINDRICAL CAMERA 


Provides oscillatory or rotational move- 
ment of single crystal specimens recorded 
on a stationary,. cylindrically bent 5 by 7 
inch film. It records reflections for each 
of the major axes of a single crystal 
through ranges of values of the glancing 
angles, for cell constant determinations, 
identification of space groups and other 
data leading to the determination of the 
determination of the position of the atoms 
in the unit cell: 


1284 


POLE FIGURE DEVICE 


The Pole Figure Device permits quantita- 
tive preferred orientation studies by elec- | 


tronic means. It consists of a sample 
holder replacing the standard holder in 
the goniometer and a control unit which 
imparts the necessary angular rotations to 
the sample by flexible shafts. Four indi- 
vidual motor drives are provided. The 
specimen can be rotated selectively about 
two mutually perpendicular axes for meas- 
urement of reflection intensity at various 
points of the polar projection, and oscil- 
lated in its own plane to obtain an inte- 
grated reading. Intensities are recorded on 
the diffractometer chart and transferred 
to a polar net for plotting the pole figure. 


FLAT-PLATE CAMERA 


This camera provides facilities for numer- 
ous forms of investigations which cannot 
be as effectively conducted with other 
cameras. It permits both forward and back 
reflection techniques, is applicable for 
Laue work, and may be used with mono- 
chromatic or filtered radiation. Applica- 
tions include plastics, metals, powdered 
materials, fibers and in some cases semi- 


MICRO CAMERA 


A specialized camera used for the investi- 
gation of minute sections. The precisely 
machined camera body is gas-tight and 
has a hose connection for pressure reduc- 
tion or gas filling. Useful in determining 
the structures of natural and synthetic 
fibers, sheets, films and many physiological 
substances. 
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DIFFRACTION 





BASIC DIFFRACTION UNIT© 


Power source for X-ray diffraction or spectrography, 
this fully regulated basic diffraction unit provides up 
to 50 KV and 50 MA. A unique four-window X-ray 
tube offers four separate sources of radiation, (two line 
and two spot foci). Speed and flexibility of use are en- 
hanced by the ability to operate four cameras simul- 
taneously, or, in the case of diffractometry, the pos- 
sibility of using two Norelco Wide Range Goniometers 
for automatic recordings — in addition to two cameras. 
A wide selection of X-ray tubes with different target 
materials are available. 


POWDER CAMERAS® 


Norelco Powder Cameras are available in either 114.59 
mm. or 57.3 mm. diameter sizes. They are designed for 
recording diffraction patterns of powdered specimens, 
fibers or drawn wires. These cameras feature clean, 
brilliant patterns, short exposures, a unique centering 
device for specimen positioning and two interchange- 
able collimating systems. 


and spectrographic analyses... 





NORELCO— 


the most complete and 
extensive line available. The 
basic diffraction apparatus can be 


expanded to do diffractometric 


Other X-ray instruments include 


thickness plating gauges, 


portable spectrometer, vacuum 


source of basic research data 





Norelco © 


Serving Science 
and Industry 
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X-ray spectrograph, 100 KV 


spectrograph and the 


Autrometer. 


WIDE RANGE GONIOMETER® 


A precision instrument specifically designed for use in 
conjunction with the basic X-ray diffraction unit and 
the electronic circuit panel. It may be fitted with any 
of the interchangeable detectors, (Geiger, proportional, 
flow proportional, or scintillation) and provides a max- 
imum scanning range of minus 38 degrees to plus 165 
degrees two theta. 


X-RAY DIFFRACTOMETER® 


Permits automatic recording of the diffraction spectrum 
by the addition of a wide range goniometer and elec- 
tronic circuit panel to the basic diffraction unit. High 
speed detection counters and electronic circuitry used 
in place of, or as a supplement to, diffraction cameras 
provides rapid and more accurate interpretations 
through high quantum efficiency and excellent linearity 
of counting rates. The basic unit of the diffractometer 
is always available as a four-window radiation source 
for the simultaneous operation of both cameras and 
goniometers. 


PHILIPS BEi.EecrRonics, «nc. 


Instruments Division 750 SOUTH FULTON AVENUE, MOUNT VERNON, N. Y. 
In Canada: Research & Control Instruments + Philips Electronics Industries Ltd. 


* 116.Vanderhoof Ave. ¢ Leaside, 


Toronte 17, Ont. 
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RADIOMETER 
pH Meter 22 


Included in the complete line of famous Danish 
RADIOMETER Electro-chemical instruments is the 
pHM 22. This model is a-c line operated and 
designed for general laboratory use inclusive 
of electrometric titrations. 


Features 


@ Exceptional stability — no zero drift 

@ Large mirror scale spreads 14 pH over 11 inches 

@ Accessory biological meter 6-8 pH on a 6.4” scale 

@ Accuracy .01 to .05 pH with reproducibility down | 
.002 pH | 

@ 10 Millivolt ranges 

@ Accurate temperature compensation 

@ Will perform measurements on grounded media 

@ Will perform Dead Stop End Point titrations 

@ Full range of standard and special type electrodes 


Applications 


@ pH determinations and millivolt measurements in 
the laboratory 

@ Continuous pH determinations or millivolt 
measurements 

@ Acid/base, redox or other potentiometric titrations 

@ Dead-stop end-point titrations 





Also available 
MODEL TTTI 


comprising all the features of pHM22 but 
designed for automatic titration and batch 
control. Ask for descriptive literature. 


Descriptive literature on request. 


———————aeE * 


WELWYN INTERNATIONAL INC. RADIOMETER 


3355 Edgecliff Terrace CLEVELAND 11, OHIO I Resdropvei COPENHAGEN, DENMARK 


In Canada: Contact any Branch of Canadian Laboratory Supplies Limited 
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A-NEW SERVICE TO SCIENCE 8 









Jonnennemnne 





FISCHER & PORTER NOW BRINGS YOU A COMPLETE 
SELECTION OF KIMBLE LABORATORY GLASSWARE 
FEATURING THE KIMAX® TEFLON® STOPCOCK? Tempered glass pipe 
to test tubes, the complete Kimble line is now available from Fischer & Porter. But the biggest news is the 
labware itself, featuring no grease—no leak—no freeze Kimax® Teflon® stopcocks.* 

A complete integrated catalog is on press now. Drop us a line and we’ll send your copy as soon as the ink is 
dry. Fischer & Porter Company, 5419 County Line Road, Hatboro, Pennsylvania. 


*Manufactured by Kimble Glass Company under licenses granted by Fischer & Porter 
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Announcing 


ocCARLY 
| ZEISS | 





Carl Zeiss Research Microscope 





Model WL 


A new, 
versatile, precision 
instrument 


The latest optical and mechanical 
achievements are incorporated in the new 


Carl Zeiss Research Microscope WL. 


It is designed to meet today’s demands of 
the microscopist for versatility and comfort 
in manipulation. This microscope is well 
suited for microscopic observation in bright- 
field, darkfield, phase contrast, polarized 


light as well as incident light. 
@ 


Write for free illustrated booklet 


describing this outstanding instrument 


MADE IN WEST GERMANY 





COMPLETE 


GA FP. LETS S, BAGEL, 5°\\ce Faciuities 


485 FIFTH AVENUE, NEW YORK 17, N.Y. 
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A HISTORY OF SCIENCE 


_ By George Sarton 


The leading scientific his- 
torian of our time re-creates 
the development of the sci- 
ences of antiquity, from pre- 
‘historic times through the 
last century B. C. 
simply a history of scientific 
discovery, but a large-scale 
history of civilization itself.” 
Scientific American. Two 
volumes, 1200 pages. 

Retail Value $22.00 


BRAINIAC K-30 KIT and Martin Gardner’s 


*‘Not 


é 








LOGIC MACHINES AND DIAGRAMS 


An unusual opportunity for firsthand exploration of the 
principles and applications of computers—Gardner’s com- 
prehensive survey of this important new science, con- 
taining material never published before, is presented in 
combination with an improved version of the famous 
construction kit, 
adapted for us by its originator, Edmund C. Berkeley. 
Kit solves problems in logic, reasoning, mathematics; ac- 


Brainiac 


“electric brain” 


companied by 64-page manual. 





Total Retail Value $23.95 


| The Library of Science 


INVITES YOU TO ACCEPT 


FREE with membership 


either of these unusual works 
of scientific exploration 





To nearly 50,000 working scientists, educators and other readers of 
broad scientific interests, The Library of Science regularly makes avail- 
able the choicest works in every major area of the sciences—always at 
meaningful savings. By joining now, for example, you may choose any 
of the six timely and authoritative volumes listed below as your first 
Selection—and receive one of the valuable sets pictured, as a welcoming 
gift. As a member, you need purchase as few as five more Selections in 
the next 24 months from the 75 or more offered at reduced Member’s 
Prices. After every fourth Selection, you receive a Free Bonus Book 
of your choice. 





specially 











CHOOSE YOUR FIRST SELECTIONS 


from among these six important works 














MATTER, EARTH AND SKY 
By George Gamow 
“A most fascinating jour- 
hey of the entire physical 
cosmos” (The New York 
Times), with “one of the 
foremost interpretive 
writers in the field” 
(Science). 
IST PRICE $10.00 
Member’ 's Price $6.50 


FRONTIERS IN SCIENCE 
Edited by 
Edward Hutchings, Jr. 
29 leading scientists re- 
port the latest findings 
in important areas of re- 
search, “‘Certainly worth 
reading.” Physics Today. 

LIST PRICE $6.00 
Member’s Price $4.95 
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FROM HIROSHIMA 
TO THE MOON 
By Daniel Lang 
An extraordinary account 
of the minds and morality 
of the men who bear the 
burden of research in 
atomic physics and space 
exploration today. 
LIST PRICE $5.95 
Member’s Price $4.95 


THE LOGIC OF 

SCIENTIFIC DISCOVERY 

By Karl R. Popper 
The distinguished schol- 
ar’s major contribution 
to the philosophy of sci- 
ence. “Sound, memora- 
ble.” Scientific American. 
LIST PRICE $7.50 
Member’s Price $5.50 


. of the outstanding events 





The Library of Science 
59 Fourth Avenue, New York 3, N. Y. 


Enroll me as a member and send my choice of Membership 
Gift, along with my first Selection at the reduced Member’s 
Price, as indicated below. I need take as few as 5 more Selec- 
tions during the next 24 months, and I will receive a free Bonus 
Book of my choice after every four Selections. 











MATHEMATICS IN 
WESTERN CULTURE 
By Morris Kline 
“A highly successful at- 
tempt to describe some 


in the history of mathe- 
matics.” The American 


Scientist. 
T PRICE $8.00 
Member's 8 Price $5.75 
THE LAWS OF NATURE 
By R.E. Peierls 

“A remarkable insight 
into the logic and unity 
of physics... how the sep- 
arate ideas fit together to 
make a wonderfully co- 
herent structure.” Scien- 

tific American. 
LIST PRICE $4.50 
Member’s Price $3.95 


Membership Gift. 





First Selection 











Additional Selections Desired 





Name. 





Address. 





City. 
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NEW Varian 100 kc EPR* Spectrometer 


DETECTS FREE-RADICAL INTERMEDIATES 
WITH 16 TIMES GREATER SENSITIVITY 


In addition, the number of free radicals under observation may be increased by many orders of magni- 
tude through concurrent use of the spectrometer’s new variable temperature control and sample-irra- 
diation provisions. This enables observation of very rapid or elusive biological and photochemical 


phenomena. 


HOW THE NEW SPECTROMETER’S EFFECTIVENESS IS MULTIPLIED 


Basic sensitivity is always 16 times greater EPR 
sensitivity is proportional to the square root of the field 
modulation frequency. This has been increased from 400 
to 100,000 cps. The resulting improvement is not only 
realized in free radical research but in every EPR appli- 
cation of Varian’s 100 ke Spectrometer. 


Irradiation produces free radicals during obser- 
vation Ultra-violet or visible radiation can be beamed 
through slots in the spectrometer cavity to break up 
organic compounds and form free radicals in large num- 
bers. Since formation rate is proportional to the radiation 
intensity, it can be started, stopped and quantitatively 
controlled by external means. 


Controllable temperature variation stabilizes free 
radicals Accurately controlled temperature variation 
from —196° C to +300° C is achieved by a complete 


Oks Oks 


| | | 
a) a Wl 


Sweep field: 3.2 gauss p-to-p, 


Sweep field: 2.9 gauss p-to-p. | 


gas flow system that includes a rapid sample-interchange 
feature. This choice of temperature allows a desired free- 
radical recombination rate to be established. 


Radiation and temperature determine a steady 
state Even highly unstable free-radical intermediates 
can now be identified and quantitatively analyzed. Ra- 
diation can control their formation rate. Temperature can 
control the recombination rate. Once an observable EPR 
spectrum is achieved, its pattern identifies the radical, 
and the steady-state and decay parameters yield the rate 
constants and activation energies. 


Write the Instrument Division for literature 
which fully explains the 100 ke EPR Spectro- 
meter and its application to basic and applied 
research in chemistry, biology and physics. 


\ 


Frequency: 9,200 mc. 
Response time: 0.3 sec. 


Frequency: 9,200 mc. 
Response time: 0.3 sec. 
Microwave 145 mw. 
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CASTLE-SELAS, The Castle Steril-Aqua: | 
CES recently announced Steril-Aqua, 
newest and most economical method 
of producing high purity water (ster- 
ile when required) for the process 
industries. i 






FOR INDUSTRY 


Castle Engineered Sterilization—Know-how based on accumu- 

lated experience in the industrial fields—new products to help 

you do the job. 

CES has pooled resources, knowledge and experience with 

leaders like Selas, Celanese and Pfaudler to develop these ~ CASTLE-CELANESE, The 

important new products for use in the Food, Chemical and sam pr grata aaa 

Pharmaceutical industries. Look for them on display at the “aa a 
VISIT BOOTH °% CHEM SHOW in New York at Booth No. 1033. ow nei 
NUMBER 






Beta-Propiolactone to 


CES is a program developed to bring to industry technical: - sterilize contamination 
: assistance in solving sterilizing and decontamination. *<¥ areas. Complete laborato- 
problems. This program is at your disposal «> ries, storage rooms and 


without cost or obligation. work areas may now be 
Sterilized, a formerly im-, 


CHEM SHOW possible task. 
Nov. 30 to Dec. 4 ; 


STERILIZATION 


.—H— 








APPLICATION FOR HOTEL RESERVATIONS 
126th AAAS MEETING 
Chicago, 26-31 December 1959 


The four hotels for the AAAS Chicago meeting have established special low rates and have reserved large 
blocks of rooms at each level within the price ranges quoted. Thus everyone making room reservations for the 
AAAS meeting is assured substantial savings. Further, all confirmations will state the room rate assigned. 

The list of hotels and their rates and the reservation coupon below are for your convenience in making your 
hotel reservation in Chicago. Please send your application, not to any hotel directly, but to the AAAS Housing 
Bureau in Chicago and thereby avoid delay and confusion. The experienced Housing Bureau will make assign- 
ments promptly; a confirmation will be sent you in two weeks or less. 

If desired, the hotels will add a cot at $3.00 per night—except that all children under 12 are free. Mail your 
application now to secure your first choice of desired accommodations. All requests for reservations must give a 
definite date and estimated hour of arrival, and also probable date of departure. 





AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


*No sessions in public rooms. For a list of the headquarters of each participating society and section, 
see page 228, Science, 24 July. 


Rates for Rooms with Bath 











Hotel Single Double Bed Twin Bed Suite 
Morrison $6.50— 9.00 $9.00—13.00 $11.00—15.00 $30.00 and up 
Hamilton 6.50— 9.50 9.00—13.00 11.00—15.00 25.00 and up 
La Salle 7.50—10.00 10.50—13.00 12.50—15.50 35.50 and up 
Sherman 7.45—12.45 11.45—16.45 14.45—19.50 28.50 and up 
*Bismark 6.50—10.00 9.00—13.00 11.00—15.00 

elites ceases aco THIS IS YOUR HOUSING RESERVATION COUPON ——————~—~—~—~—~~~~_- 


AAAS Housing Bureau 

Suite 900 

134 North La Salle Street 

Chicago 2, Ill. 

Please reserve the following accommodations for the 126th Meeting of the AAAS in Chicago, 26-31 Dec., 1959: 
TYPE OF ACCOMMODATION DESIRED 

Desired Rate 

BOOSTED RAC Boo cices 

SDOSITOR IRALG wo scldiew views 

Desired Rate Maximum Rate Sharing this room will be: 

(Attach liyt if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


Date of Application 


Benge ROOM... 5.6.5 .60060550 AeeIred RAE . ook. ee se Maximum ‘Rate ..... 0.60.6. 


Double-Bedded Room ........ Maximum Rate 2... eins Number in party .........«0mm 


Twin-Bedded Room Maxinium Rate... 34650. con's 


MNGi 5 4s 5. bia Ree ee eee 


Fee OOOOH EHH HEHEHE HH EEE HEHEHE HEHE EHH HEHEHE HEHEHE HEHEHE BH HEHEHE HEHEHE HEHEHE HEHEHE EHH HEHEHE HEHEHE HEHEHE HHH HEHEHE EHH EEE 


mare Chose Otel... ioss's oes taeweesas Second Choice Hotel .............e000. Third Choice Hotel ...........0-.0m 
Rp tas CO ARR VS 555s 5s sis 0:0 Wa acer os bos stony DEPARTURE DATES oo. i55c 5 iin aided cic wis edie 5 ont ave ete eee 
(These must be indicated—add approximate hour, a.m. or p.m.) 
REE. o.ss,4 bcd aia ae ple he a eee > as TEATTEEERREP TERE EERE EEE ee eee a es 
(Individual requesting reservation) (Please print or type) 
PEDERI 5. 5 5 5vcbeais bee OR IES are esate dad STMT STR T ERT  r 
(Street) (City and Zone) (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
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from projection of microscope slides to 
projection of transparencies with the 


LEITZ PRADO MICRO- PROJECTOR 


switch in seconds 
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The ultimate in convenience for use in classroom, con- 
ference room or lecture hall, the PRADO Micro-Projector 
delivers screen images of unrivalled brilliance, clarity 
and definition. With Micro Attachment it produces mag- 
nifications up to 2400x on screens at a distance up to 
40 feet; with a film slide carrier and lens inserted, the 
PRADO projects 2” x 2” or of 2%” x 2%” transparencies. 
And you can switch from micro to film slides in seconds 
-easily. The revolving nosepiece of the Micro Attachment 
holds three objectives: 3.5x, 10x and 25x. The high power 
objective is equipped with spring-loaded mount. Micro 
attachments are available which allow the stage to be 
placed in a horizontal position to accommodate wet mounts. 


DOisectri&u ters o f 
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Light from the 500-watt lamp is projected through 
aspheric condensers in the PRADO, which is blower-cooled. 


The PRADO Micro-Projector is portable, and may be 
carried easily from room to room and used wherever 
there is an electrical outlet. 


For illustrated PRADO Micro-Projector Brochure, write 
to Dept. SC-11. 


1. PRADO as Micro-Projector for microscopic slides 2 PRADO as 
standard projector for film slides 3. Attachable reflecting prism 
for tracings 4. Polarizing Attachment for polarization demonstra- 
tion S&S. Large Vertical Micro Attachment for wet mounts 


E.LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
the 
Ernst Leitz G.m.b.H., Wetzlar, Germany—Ernst Leitz Canada Ltd. 
LEICA CAMERAS -: LENSES - MICROSCOPES : BINOCULARS 


world-famous ep rod u-eta” Gs 


32459 





1293 





These compact, portable self-contained 
“bench top” Preamplifiers — as used in 
Sanborn 350M and 550M Recording 
Systems — are now available as separate 
units, to operate oscilloscopes, optical 
recorders, indicating meters. 

Each ‘‘450” unit includes a portable case, 
power supply, and any one of the 
interchangeable 350 Series Preamplifiers 
listed below — for use in laboratory 
monitoring or recording of a wide 
variety of physiologic events. 











VERSATILE, PORTABLE 


“450” SERIES 





RESEARCH PREAMPLIFIERS 


from SAN BORN 


for monitoring and analysis of... 


Various gases and dye dilution curves — Model 450-1300A 
DC Coupling 

Low level signals, EEG, small muscle myograms, thermo- 
couple and strain gage outputs — Model 450-1500 Low 
Level 


ECG's, large muscle myograms, ballistocardiograms, etc. — 
Model 450-1600 ECG/General Purpose 
Venous, arterial, intracardiac, respiratory pressures; strain 
gage, displacement, temperature and outputs of other 
transducers — Model 450-1100 Carrier 


Full range heart sounds for diagnostic phonocardiograms —= 
Model 450-1700 Heart Sound 


Sanborn pressure transducer outputs, particularly in cardiac 
catheterization techniques — Model 450-3000 Medical 
Carrier 


Related Sanborn instruments include the Model 569 Viso- 
Scope oscilloscope, the Model 579 Electronic Switch for 
viewing up to four different traces simultaneously, and the 
Model 559 Vector Timer for vector loop display on the 
Viso-Scope. 


For complete details and application data, contact your local Sanborn Branch Office or write Inquiry Director. 
SET 
SANBORNYCOMPAN Y 


MEDICAL DIVISION 175 Wyman Street, Waltham 54, Mass. 
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research positions in physics and optics 


a cecesieenenenemndinmemmntarinmemnenenenaiaattaiiteeememmenresemneeneeeemnemmmeeenamediiie iain 


Newly Created Key Posts in Los Angeles 


Exciting opportunities await you on the expanding research staff of the NCR 
Electronics Division—one of the world's leading companies in digital computer 
research and design. All require above-average men who like to do their own 
thinking. Because of the importance of your work, you will receive a higher- 
than-usual salary. You will be part of the team which is developing the micro- 
encapsulated photochromic memory—and you will be living in beautiful 
Southern California, America's Riviera. Healthy balance of commercial and 
military projects assures you of a solid future. Investigate now If PHYSICAL 
OPTICS Ml GEOMETRICAL OPTICS M ELECTRON OPTICS MB PHOTOMETRY 
BLIGHT SOURCES M PHOTOGRAPHY Mf OTHER POSITIONS M RESEARCH 
PHYSICIST, TO measure physical, magnetic, and other properties of solid. 
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state thin films PHYSICISTS OR EE'S IN JUNIOR, SENIOR AND SPECIAL- 
IST POSITIONS In These Areas: Digital Memories and Logic, Transistor 
Circuitry, Magnetics, Microminiaturization of Circuits and Components, Elec- 
trical Wave Filters, Information Theorygy Positions above require MS, Ph.D., 
or BS with equivalent experience.f§ FOR CONFIDENTIAL INTERVIEW, Please 
Call or Submit Resume to: D. P. Gillespie, Director of Industrial Relations 
@ Plymouth 7-1811, 

* The National Cash Register Company 
Sational ELECTRONICS DIVISION 
1401 E, El Segundo Bivd., Hawthorne, California 

*Trade Mark Reg, U, S, Pat. Off. 











GET YOUR ADVANCE COPY 
of the General Program of the 
AAAS Chicago Meeting 


by first class mail — early in December 


The General Program of the 126th Meeting of the AAAS in Chicago, 26-31 Dec., 1959, 
will be available to you within the first week in December—whether you can attend the Meeting 
or not. 

Effective this year, the former General Program-Directory, which had become an unwieldy 
book of more than 400 pages, has been separated into two publications, namely: 

a) The Directory of AAAS Officers and Activities, 96 pp., already published; and 

b) The General Program of the Annual Meeting, c. 200 pp., which will appear early in 
December 

Both of these, sold at cost, may be purchased separately—in advance (see coupon below), or at 
the meeting. Some of their respective contents are: 





The General Program The Directory 


1. The two-session general symposium “Moving Frontiers of 1. AAAS officers, staff, committees, for 1959. 
Science IV,” arranged by the Committee on AAAS Meetings. ; ; : 

2. Programs of the 18 AAAS sections (symposia and contributed 2. Section committees and other AAAS Council members. 
papers). 3. The 285 affiliated organizations. 

3. Programs of the more than 80 participating societies. : Net ahs 

‘ so Bs, 4. Historical sketch and organization of the Association. 

4. Sessions of the Conference on Scientific Communication, Con- 
ference on Scientific Manpower, and the Academy Conference. 5. Complete roll of AAAS presidents and their fields. 

5. The Special Sessions: AAAS Address and Reception, National Fhe ae , : : 
Geographic Society, Phi Beta Kappa, Sigma Xi, RESA, Tau 6. Publications of the Association, including all symposium 
Beta Pi Association. volumes. 

6. Details of the Morrison Hotel—center of the Meeting—and 7. AAAS Awards—including all past winners. 
of the other session sites. 


7. Titles of the latest foreign and domestic scientific films to be 8. Future Meetings of the AAAS through 1963. 
shown in the AAAS Science Theatre. 9. New and current activities of the AAAS. 

8. Exhibitors in the 1959 Annual Exposition of Science and age 
Industry and descriptions of their exhibits. 10. Constitution and Bylaws. 


Advance Registration 


Advance registration has these decided advantages: 1) You avoid delay at the Registration Center upon arrival; 2) You re- 
ceive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish to attend; 
3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program; the Directory may also be ordered. 


—THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM— 
(AND FOR THE DIRECTORY, IF ALSO DESIRED) 


la. 1 Enclosed is $3.00 for my advance Registration Fee which brings me the General Program, Convention Badge, and all 
privileges of the Meeting. 


1b. () Enclosed is $2.00 for only the General Program. (It is understood that, if I should attend the Meeting later, the Badge= 
necessary for the privileges of the Meeting—will be secured for $1.00 more.) 
(Check la or 1b) 


Ic. [) Enclosed is $1.00 for the Directory of AAAS Officers and Activities to be sent now. 


Total amount enclosed $ 


2 PLL a (Dr., Miss, etc.) 
Please print or typewrite) 


(Last) (First) (Initial) 
ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION 


Cee e eee eee eee He HOHS HOSS HSHESHHEHSHSHHOH EH HEHEHE Ee Hee tereeeeeeeeEeeSeessesesseseceeses Ou 


Co Oe eee eee eres ereeeeeE EEE HSEHEHHHHE HOHE EEE Eee eee teeesreseeeeeeseeeeeseseseeseeseses sum 


5. FIELD OF INTEREST 


6. CONVENTION ADDRESS 





a aaa a aa oo oo bn ae 
Please mail this Coupon and your check or money order for the total amount to the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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~~ a INTERNATIONAL 

osium — _ Re — MODEL PR-2 
- & a — ot ae REFRIGERATED 

— —— uy. CENTRIFUGE 


... first choice for 
blood fractionations and 
similar low temperature 
separations. 





Ou re- 
ittend; 





HERE’S WHY MOST LABORATORY 
DIRECTORS SPECIFY THE INTERNATIONAL PR-2 
FOR LOW-TEMPERATURE SEPARATION 


... It offers positive temperature control with wide-range ver- 
satility for separations between —20° and + 10C. 

The temperature you set on the control panel is automatically 
held within +1°C. In fact, material temperature can be main- 
tained at 0°C indefinitely even at speeds up to 19,000 rpm... 
without subcooling rotor or chamber! 

28 INTERCHANGEABLE HEADS .... horizontal, angle, high- 
speed, high-capacity and shaker . . . provide accessory combi- 
nations to meet virtually aii laboratory needs. 

WIDE CAPACITY RANGE... from 4 liters down to 7 ml... . 
is unmatched in the refrigerated centrifuge class. 


Write for Bulletin T. 
INTERNATIONAL EQUIPMENT CO. 


1219 SOLDIERS FIELD ROAD, BOSTON 35, MASSACHUSETTS 




















a new name in fine chemicals... 


SCHWARZ 


BIORESEARGH, INC. 


formed from the Fine Chemicals Division of Schwarz Labora- 
tories, Inc. to meet the most exacting research and production 
standards for biochemicals, radiochemicals and pharmaceuticals 


for research, for medicine, for industry 


With 80 years of experience in serving science and industry as consultants in 
various fields of biochemistry, Schwarz supplies more than 250 biochemicals, 
radiochemicals and pharmaceuticals to prominent medical and biochemical re- 
search institutions in 80 countries. 


Under this new corporate set-up, our intensive research and development program 
remains geared to producing new metabolic intermediates, radioactive tracers and 
pharmacologic agents of the highest purity for research investigators, clinicians, 
and manufacturers. 


A recent Schwarz achievement: the development of H*-labeled thymidine as the 
first of a line of tritiated compounds, important in the study of cancer, genetics, 
and basic cellular processes. 


Among the many Schwarz quality products now available: amino acids and deriv- 
atives * purines and pyrimidines ¢ nucleic acids, nucleotides and nucleosides ¢ 
sugars and sugar phosphates * enzymesand coenzymes ¢ biochemical reagents 
* radiochemicals labeled with H?, C14, S*®, P®? 


Detailed information, literature references, and our latest complete price list are available on request. 


SCHWARZ BIORESEARCH, INC. - MOUNT VERNON, NEW YORK 


BIOCHEMICALS + RADIOCHEMICALS + PHARMACEUTICALS for research, for medicine, for industry 
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Elgeet of Rochester... Presents: 


oooai new Slant 
on Student-Teaching 


microscopes 
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Elgeet-ovrmpus Model S-2 


99” 


in lots of five 


list price $110.50 each 


Eljeet OPTICAL CO., INC....SCIENTIFI 


Pictured standard model S-2 with 
double revolving nosepiece with 
hard-coated parfocal, achromatic 
interchangeable 10 (N.A. .25) and 
40X (N.A. .65) objectives. Built-in 
revolving aperture disk to control 
illumination. 10 Huygenian coated 
lens eyepiece. Choice of concave 
mirror or interchangeable 20 watt 
illuminator (Model LSK) as shown. 
Write for information on other 


student-teaching models and 
complete microscope line. 


Science means progress, and to help 
both teachers and students meet the 
challenge of a changing world, Elgeet 
presents a superb new microscope 
with research instrument features 
never before offered in student-teach- 
ing models! 

The inclined eyepiece is typical of 
the many new features, extending to 
students the benefits of unsurpassed 
convenience, ease of operation, and ef- 
ficiency combined with working com- 
fort, resulting in maximum learning 
possibilities even over prolonged pe- 
riods of close concentration. 

Rugged and versatile, the Elgeet- 
Olympus is precision engineered and 
designed for years of trouble-free serv- 
ice and priced for educators seeking 
the very best . . . on a budget. 


MAIL COUPON NOW 


Dept. SM-4 

Elgeet Optical Co., Inc., Scientific 

Instrument and Apparatus Div., 838 

Smith Street, Rochester 6, New York. 

{-] Please send me complete litera- 
ture on the New Elgeet-Olympus 
Microscopes. 

{[] Please send name of Elgeet Dealer 
nearest me for free demonstration. 


Name 


Address 








City 





NSTRUMENT AND APPARAT 


ee ce ee es ee cee ee ee ee ees ee ee ee ee 


838 SMITH STREET e ROCHESTER 6, NEW YORK 


“Quatily & our watchword... Prieciston E ngeneereng or constant goat.” 
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Gas 
Excitation 
for photo 
chemistry, 
free-radical 
production, 
and 
Spectroscopy 
with 
Raytheon’s 
completely 
packaged 

| microwave 
power 
generator 
systems 


Excellence in 





Electronics 





ee oe ee oe oe = a oe ae ee, 


Raytheon Company 
industrial Apparatus Division 
Power Generator Dept. C11 
Manchester, New Hampsnire 


Please send the following Power 
Generator material: 

(1 Complete specification sheet 

) Reprints of noteworthy articles 


CJ Comprehensive application bibliog- 
raphy 





Name 





Address 





City 





Zone State 
oo oo oe ee 
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Letters 


Sex Chromatin 


In a recent article (7), I favored the 
view that the sex chromatin represents 
heterochromatic regions of the two X 
chromosomes of female cells. The as- 
sumption of somatic pairing of the X 
chromosomes is an unsatisfactory aspect 
of this hypothesis. Somatic pairing of 
chromosomes is well known in many 
species of insects and has been de- 
scribed in the newt and frog (2). But 
evidence for such a relationship be- 
tween the X chromosomes or other 
homologous chromosomes in somatic 
cells of mammals is admittedly scanty 
and inconclusive. For example, Ohno 
et al. (3) found evidence in the mouse 
for somatic association of the X 
chromosomes in epithelial cells of 
ovarian follicles and the mammary 
gland, but not in other types of cells 
that were examined. A possible way out 
of the dilemma is suggested by two 
important observations that have come 
to my attention. They demonstrate, at 
any rate, that the precise relationship 
between the sex chromatin and chromo- 
somes is an unsolved problem that 
challenges the resources of cytologists. 

Kosin and Ishizaki (4) showed that 
the presence of sex chromatin in so- 
matic-cell nuclei is a female character- 
istic in the domestic chicken. Since the 
female is here the heterogametic sex, 
the sex chromatin cannot in this in- 
stance be a derivative of homologous 
sex chromosomes. Further, it is stated 
that the sex-chromatin complex for the 
female chicken is ZO (5). It seems, on 
this basis, that the sex chromatin in 
fowl is a derivative of the single Z 
chromosome, unless it bears no direct 
relationship to the sex-chromosome 
complex. 

Related to the foregoing observation 
is the study by Ohno et al. (6) on 
nuclei of regenerating liver in the rat. 
A distinctive chromocenter was seen 
in interphase nuclei of females but not 
of males. In prophase nuclei, neither 
the X nor the Y chromosome of the 
male seemed to demonstrate positive 
heteropycnosis. But in prophase nuclei 
of females the surprising observation 
was made that one X chromosome 
was positively heteropycnotic while the 
other X chromosome was isopycnotic 
with respect to the autosomes. Ohno 
and his collaborators suggest that the 
positively heterochromatic X chromo- 
some may be of paternal origin. It 
was folded back on itself in early 
prophase nuclei; this could explain the 
occasional clearly bipartite appearance 
of the sex chromatin. Ishizaki (7) 
states that a bipartite structure has also 


been detected in the sex chromatin of 
the chicken. 

Confirmation of this work, and par- 
ticularly its extension to the nuclei of 
man, would be of first importance in 
interpretation of the chromatin pat- 
tern and sex-chromosome constitution 
of patients with anomalies of sex devel- 
opment. Exact knowledge of the basis 
of nuclear sexual dimorphism is also 
needed for an explanation of the female 
chromatin pattern that is found in some 
teratomas in male hosts (8). We are 
now passing from the descriptive to the 
more difficult analytical phase in the 
study of the sex chromatin. The work 
of cytogeneticists and _ students of 
chromosome morphology is likely to 
play a decisive role in establishing the 
basis of sexual dimorphism in _inter- 
phase nuclei. 

Murray L. Barr 
Department of Microscopic Anatomy, 
University of Western Ontario, 
London, Canada 
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Position of the Catholic Church 


It is very distressing to a scientist 
who is a Catholic to see in your columns 
a review such as that given by M. Ed- 
ward Davis to Sulloway’s Birth Control 
and Catholic Doctrine [Science 130, 
559 (1959)]. This distress comes not 
from the fact that Sulloway, Huxley, 
and Davis agree that contraception is 
the best method of controlling the birth 
rate—a position with which I heartily 
disagree—but from the fact that evi 
dently neither Davis nor the editors of 
Science understand the basis upon which 
a review of such a work must be written. 

Assuming that Davis has correctly 
presented the facts as assembled by 
Sulloway, it is also evident that Sul 
loway is too deficient in philosophical 
and theological background to have 
undertaken the task he set himself. 
This, of course, is not the responsibility 
of Davis or of the editors of Science. 
It is your responsibility to see that your 
reviews do not give a distorted picture 
of the situation. In what follows I shall 
concern myself solely with the review. 

The first question that must always 
be considered in reviewing a book like 

(Continued on page 1362) 
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amplifier, which employs a ruby cooled in liquid helium, is inside building at right. Over-all ‘‘noise’’ temperature of antenna, amplifier and sky is only 
18°K at 5600 megacycles. 


ANOTHER STEP TOWARD 


The above antenna is part of a new ultra-sensitive radio 
receiving system under development at Bell Telephone Lab- 
oratories. It has extraordinary directivity. Beamed skyward, 
it ignores radio “noise” from the earth, yet picks up ex- 
tremely weak signals from outer space. 


The signals are amplified by the latest Bell Laboratories 
“maser” amplifier. The maser principle was first demon- 
strated, using gas, by Prof. C. H. Townes and his collabo- 
rators at Columbia University. Bell Laboratories scientists 
applied it to the solid state guided by a theoretical proposal 
of Prof. N. Bloembergen of Harvard University. Their latest 
traveling wave maser amplifier employs a ruby mounted in 
a waveguide. The ruby is excited to store energy. As signals 
pass through, they absorb this energy and are thus amplified. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER, OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 


SPACE COMMUNICATIONS 


The device uniquely combines the characteristics needed for 
practical space communication: extremely low inherent noise 
and the ability to amplify a broad frequency band. 

At present the receiving system is being used to pick up 
and measure minute radio noise generated by the atmos- 
phere. It also foreshadows important advances in long 
distance communications. For example, it could extend the 
range of space-probe telemetering systems, could help make 
possible the transatlantic transmission of telephone and TV 
signals by bouncing them off balloon satellites— and has nu- 
merous applications in radio astronomy and radar. 

This pioneer development in radio reception is one more 
example of the role Bell Laboratories plays in the pursuit 
of better communications technology. 
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for imstance... 
in high efficiency measurements of | 
alpha and soft beta radiation 













is hard to beat 


windowless operation or ultrathin window 
(under 0.15 mg/cm?) 


uses cheap, plentiful Methane gas 
(commercial grade: purity not critical) 


operates at less than 3000 volts 
resolving time less than 1 microsecond 
built-in amplifier 











this PROPORTIONAL FLOW COUNTER | 





separate long alpha and beta plateaus 
works with automatic sample changer 











Get the story from your local Picker man. 
There’s probably a Picker District office 
near you (see local ’phone book) or write 
Picker X-Ray Corporation, 25 South 
Broadway, White Plains, New York. 


PROPORTIONAL FLOW COUNTER 
with Windowless Sample Changer 


FLOW COUNTER with FLOW COUNTER with 
Manual Sample Changer Automatic Sample Changer 
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They Have Troubles, Too 


The reductions, cutbacks, limitations, and stretch-outs that scientists 
suffer at the hands of the people who prepare the federal budget are 
well known. There is another side to the coin, however. Scientists give 
the controllers a hard time as well. Controllers are suffering from an 
embarrassment of riches, not of money but of projects to spend it on. 
What the unceasing flow of wonders from science means to the fiscal 
experts is that one year’s appropriation, even if adequate, is not neces- 
sarily at the best level for the next year’s appropriation. For, as a scien- 
tific idea grows through the stages of research and development, so do 
the costs of advancing it further. 

Consider, for example, the history and plans of the National Aero- 
nautics and Space Administration. Its 1960 budget was pared to the 
bone by the administration, and the bone then gnawed clean by Con- 
gress. Yet, as the directors of the program have warned, this budget is 
just the beginning of what should be a series of budgets, each consider- 
ably larger than its predecessor. The case of the space agency is hardly 
unique. This is just one of a number of expanding programs, all com- 
peting for funds with each other and with a host of new candidates for 
government support. 

The controller’s woes run deeper still. Research and development is 
not just a matter of little acorns growing into mighty oaks. Though 
scientists hope for a good crop, they do not know for sure of what it 
will consist. Consequently, projects are difficult to classify, and a set 
of categories suitable at one time may not be suitable at another. Should 
one ask, what’s in a name, the answer is, a great deal. Projects are 
administered by departments, bureaus, agencies, and offices. Where a 
project is placed may well affect, or be affected by, both the interpre- 
tation of its purpose and the kind of support it receives. 

To continue the illustration from space science, President Eisen- 
hower recently ordered the transfer of the Army Ballistic Missile Agency, 
which now devotes much of its energy to developing the super-rocket 
engine Saturn, to the civilian space agency. The order, regarded as sound 
by many observers, becomes effective next spring, unless opposed by 
Congress. Designed for space exploration, the engine, with its 1.5 mil- 
lion pounds of thrust as opposed to the 360,000 pounds of thrust of 
the Atlas intercontinental ballistic missile, has no immediate military 
use. It is more powerful than it need be to deliver present military pay- 
loads. In a few years, however, military applications for the rocket may 
develop, and aspects of the program may once more be classified as 
defense expenditures. 

The trouble that scientists and fiscal experts make for each other is 
an annual affair, and this is the season when the struggle quickens. 
The administration’s budget for 1961, now taking final shape, will be 
presented to Congress when it reconvenes in January. How, then, fares 
this year’s battle? In considering the plight of fiscal experts, we cer- 
tainly agree that for so fertile a union as that of science and govern- 
ment, planned parenthood is necessary. But with an economy-minded 
administration entering what will be the last complete year of its record, 
over-all prospects for research and development are not good. The im- 
mediate danger is too much control and too few offspring.—J.T. 
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National Radio Astronomy 


Observatory 


The early history and development of the observatory 
at Green Bank, West Virginia, are reviewed. 


On 17 October 1957, a group of 


several hundred representatives of sci-. 


ence, education, and federal, state, and 
local governments gathered in the high- 
school auditorium at Green Bank, West 
Virginia, to participate in ground- 
breaking ceremonies for the National 
Radio Astronomy Observatory. This 
event followed by two weeks the 
launching of the first artificial satellite, 
on 4 October, and in some minds the 
Green Bank activities were an indica- 
tion of the immediate reaction of the 
United States to this tremendous step 
into the space age. The near coinci- 
dence of these dates is interesting, but 
no significance should be attached to it. 
The ground-breaking ceremonies at 
Green Bank were only one step. in a 
long train of events which hark back 
to the discovery of radio astronomy by 
Karl G. Jansky in 1932. 


Early History 


Accounts of Jansky’s discovery have 
been recorded on numerous occasions 
(1). In brief, Jansky was studying the 
effects of atmospheric radio interference 
on transatlantic communications at the 
Holmdel, New Jersey, station of Bell 
Telephone Laboratories, when he 
noticed certain signals with peculiar 
characteristics that could be explained 
only if they were originating from out- 
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side the earth’s atmosphere in a direc- 
tion fixed in space. Jansky’s equipment 
(Fig. 1), which operated at 14.6-meter 
wavelength, was not capable of extreme 
directional precision, but Jansky was 
able to fix the position of. this celestial 
radio transmitter in the sky at roughly 
18 hours of right ascension and —10° 
declination, which is approximately 
toward the center of our own galaxy 
or Milky Way system. 

Little attention was paid to Jansky’s 
discovery by professional astronomers, 
and throughout the 1930’s the only 
continuing activity in this new branch 
of astronomy was carried on by Grote 
Reber, operating equipment designed 
and built by himself at his home in 
Wheaton, Iliinois (Fig. 2). Reber’s re- 
sults were published in a series of 
papers that clearly showed the existence 
of sources of radio interference or static 
in the plane of our Milky Way (2). 

During World War II, tremendous 
strides were made in developing elec- 
tronic components, particularly for 
radar, and during this time the sensi- 
tivity of the receivers for such equip- 
ment was improved greatly over that of 
the receivers available to Jansky and 
Reber. Throughout the war years nu- 
merous persons, by chance or otherwise, 
made astronomical observations, but 
time was not available to pursue an 
orderly investigation of the astronomi- 


cal phenomena (3). When hostilities 
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ended, however, scientists returned to 
examine these phenomena, and by the 
late 1940’s, centers of radio astronomy 
had been established in several coun- 
tries, including particularly England, 
the Netherlands, France, Australia, 
Canada, and the United States. Scien- 
tists behind the Iron Curtain were also 
interested in this new branch of as- 
tronomy, but their areas of activity 
and interest were not immediately 
known to us in the United States. 

During the occupation of the Nether- 
lands in World War II, a young Dutch 
radio astronomer, H. C. van de Hulst, 
predicted from theoretical considera- 
tions that a radio emission at a wave- 
length of approximately 21 centimeters 
should be produced by the neutral hy- 
drogen in our galaxy with sufficient in- 
tensity that it could be observed with 
equipment then deemed feasible. The 
first observations of this hydrogen radia- 
tion were made by H. I. Ewen and 
E. M. Purcell at Harvard University 
(4). Because hydrogen is the most 
abundant eiement in the universe, this 
observational confirmation of van de 
Hulst’s prediction was of great signifi- 
cance, because, essentially, a signature 
had been found amid all the random 
noise or static coming to us from outer 
space. For readers more familiar with 
the optical portion of the spectrum, it 
should be noted that the 21-centimeter 
hydrogen emission is analogous to the 
absorption lines in the solar and stellar 
spectra, which are also identified with 
chemical elements on the earth. 

This impetus to astronomy had 
prompt effects in a number of countries. 
The British, spurred on by A. C. B. 
Lovell, had started to build a radio 
telescope with a steerable paraboloid 
250 feet in diameter. They recognized 
the significance of the hydrogen radia- 
tion and forthwith proceeded to revise 
the design for the giant telescope at 
Jodrell Bank in order that it might be 
used to make observations at this rela- 
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tively short wavelength. In the Nether- 
lands, work was started on a 25-meter 
telescope, and in Australia preliminary 
plans were initiated for the design of a 
large steerable paraboloid. Meanwhile, 
in the United States, the 50-foot tele- 
scope of the Naval Research Laboratory 
was the only large instrument capable 
of efficient work at wavelengths as short 
as 21 centimeters. Other institutions, 
including Cornell University, Harvard 
College Observatory, the Department of 
Terrestrial Magnetism of the Carnegie 
Institution of Washington, and Ohio 
State University, had active programs in 
radio astronomy, but none of these in- 
stitutions were planning construction of 
a steerable paraboloid larger than the 
50-foot instrument at the Naval Re- 
search Laboratory. 

This was essentially the state of af- 
fairs in January 1954 when a confer- 
ence was called in Washington, jointly 
sponsored by California Institute of 
Technology, the Carnegie Institution of 
Washington, and the National Science 
Foundation (5). This conference was 
called to take advantage of the presence 
in the United States of several dis- 
tinguished radio astronomers from other 
countries. At the conclusion of the 
conference it became clear to the 
United States scientists that radio as- 
tronomy in the United States was not 
keeping up with progress being made 
in other countries, and that unless this 
trend were reversed, the United States 
would drop further and further behind, 
into a most unsatisfactory, secondary 
position. This state of affairs was all 
the more deplorable in view of the 
noteworthy contributions from _ the 
United States: Jansky’s discovery of 
radio astronomy; Reber’s exploratory 
observations; advances in _ electronic 
technology; and the first observation 
of the 21-centimeter hydrogen emission 
by Ewen and Purcell. There was gen- 
eral agreement that the principal need 
in the United States was for improved 
observational equipment having capa- 
bilities at least as good as those that 
were already, or soon would be, avail- 
able in other countries. 

At this point the National Science 
Foundation (6) entered the picture. 
The foundation is a unique agency in 
the federal government. It was founded 
by an act of Congress in 1950 to in- 
sure that science would have proper 
attention at the federal level of govern- 
ment, and, particularly, to provide a 
mechanism for supporting those areas 
of science in which it appeared that the 
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United States was lagging behind other 
countries. Within the foundation the 
plight of the United States radio as- 
tronomer was recognized, and in order 
to provide a mechanism for giving 
more attention to the problem, an ad- 
visory panel for radio astronomy was 
established, in May 1954, with M. A. 
Tuve serving as chairman. 

During that spring there were dis- 
cussions among radio astronomers in 
the United States on the pressing prob- 
lem of obtaining better observing fa- 
cilities. Some colleges and universities 
decided to build radio telescopes as part 
of their academic establishments. Other 
institutions tentatively suggested pooling 
their efforts, thereby making possible 
the construction of larger, more costly 
facilities than could be afforded singly. 
During such discussions between B. J. 
Bok, J. B. Weisner, J. P. Hagen, and 
other representatives of Harvard, Mas- 
sachusetts Institute of Technology, and 
the Naval Research Laboratory, Julius 
A. Stratton suggested the establishment 
of a radio observatory to be operated 
on behalf of all United States scientists; 
a somewhat analogous research institu- 
tion was already in existence at the 
Brookhaven National Laboratory, which 
is operated by Associated Universities, 
Inc., under contract with the Atomic 
Energy Commission (7). The Brook- 
haven National Laboratory is essen- 
tially a postgraduate research center 
active in all domains of science related 
to nuclear energy. A permanent staff 
of scientists is augmented by visitors 
who come for terms varying.from a few 


weeks to as much as a year or more. 

Acting on Stratton’s suggestion, a 
group of scientists directed informal 
inquiries to Associated Universities, 
seeking assistance in bringing the matter 
to a point at which a decision could 
be made on the feasibility of establish- 
ing such an observatory. A conference 
was held in New York on 20 May 1954, 
attended by representatives of astron- 
omy and other closely related fields of 
science and engineering, at which this 
question was formally raised, in a mem- 
orandum, “Survey of the Potentialities 
of Cooperative Research in Radio As- 
tronomy,” prepared on 13 April 1954 
by D. H. Menzel, director of Harvard 
College Observatory. The conference 
concluded that a three-step program 
was in order, involving: (i) a feasibility 
study on objectives and organization, 
sites, and facilities; (ii) final design of 
facilities and equipment; and (iii) con- 
struction of the observatory. The Na- 
tional Science Foundation representa- 
tives agreed with the others present that 
a national observatory would solve 
many of the problems confronting 
workers in radio astronomy in _ the 
United States, and a tentative com- 
mitment was made on behalf of the 
foundation to support a feasibility study 
on the establishment of such an observ- 
atory. On the basis of the 20 May con- 
ference and subsequent discussions with 
Menzel and Tuve, L. V. Berkner, presi- 
dent of Associated Universities, or- 
ganized a steering committee for a 
feasibility study; John P. Hagen served 
as chairman, and other members were 








Fig. 1. Karl G. Jansky and his 14.6-meter rotatable directional antenna. The important 
discovery that some stars produce radio waves was made by Jansky, a Bell Laboratories 
scientist, while he was exploring atmospheric disturbances which it was thought might 
interfere with transoceanic telephone service. His discovery, in 1932, marked the birth 
of the fast-growing science of radio astronomy. [Courtesy Bell Telephone Laboratories} 
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Bart J. Bok, Armin J. Deutsch, Harold 
I. Ewen, Leo Goldberg, William E. 
Gordon, Fred T. Haddock, John D. 
Kraus, Aden B. Meinel, Merle A. Tuve, 
Harry E. Wells, and Jerome B. Weisner. 
Throughout the feasibility study the 
steering committee gave valuable assist- 
ance and advice. During the second 
year of the study, Bart J. Bok served 
as chairman of the committee. 

Meanwhile, the trustees of Associated 
Universities had authorized the expendi- 
ture of $2000 to defray preliminary ex- 
penses, and this made possible a meet- 
ing of the steering committee in July 
1954. The committee reviewed a re- 
search proposal, to be made to the 
National Science Foundation for a grant 
to support the feasibility study. The 
principal objectives of the study were 
as follows: to. make (i) a survey of 
opinion among scientists who are now 
active or interested in the field of radio 
astronomy, in order to set up a program 
of research objectives; (ii) an examina- 
tion of the various suggestions made 
regarding the major items of equipment, 
to gain some understanding of the 
technical problems of design and con- 
struction that would have to be solved, 
and to be able to compare performances 
and costs; (iii) an examination of pos- 
sible sites and their comparative desira- 
bility, judged by the requirements of 
the research program and staff, the 
availability of housing and transporta- 
tion, meteorological factors, sources of 
radio interference, accessibility to other 
centers of intellectual activity, and any 
other factors shown to be important by 
the first two parts of the study; (iv) an 
examination of any other expenditures 
essential to the establishment of a func- 
tional radio astronomy observatory— 
for example, access roads, power lines 
or power generating equipment, and 
laboratory buildings; (v) preliminary 
estimates of the costs involved in phase 
ii, preliminary proposals of methods to 
finance these costs, and consideration of 
how much time to allow for completing 
this phase; and (vi) preliminary esti- 
mates of the organization and _ staff 
necessary to operate the completed fa- 
cilities and proposals on budgets, per- 
sonnel policies, and methods of pro- 
moting cooperation among interested 
institutions. 

On 18 February 1955, the National 
Science Foundation granted $85,000 to 
Associated Universities to support the 
feasibility study, and active work 
started. I served as principal investigator 
or project director. 
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Fig. 2. The Reber telescope. Grote Reber designed and built this telescope at Wheaton, 
Illinois, soon after the announcement of Jansky’s discovery. The telescope was moved 
to the National Bureau of Standards in the early 1940’s, where this photograph was 


taken by Reber. 


The study efforts were channeled into 
three areas: (i) organization and opera- 
tion; (ii) facilities; and (iii) site. All 
of these obviously would be affected 
by the research objectives for the ob- 
servatory. In order that this question 
might be crystallized promptly, early 
in the spring of 1955 B. J. Bok con- 
tacted all of the United States scientists 
engaged or interested in radio astron- 
omy, and from their comments de- 
veloped a statement of research objec- 
tives. It was recognized that the observ- 
atory should provide facilities for 
research at long wavelengths; on the 
other hand, it was recognized that 
research tools for short wavelength were 
more costly, and that these, particularly, 
should be made available. 

It was agreed that research at 21- 
centimeter wavelength should be pur- 
sued at the observatory, with radio 
telescopes having high gain and resolu- 
tion, and that such research should in- 
clude studies of the structure of our 
own and other galaxies, the hydrogen 
clouds associated with peculiar stars, 
globular clusters, and absorbing clouds 
of dust, as well as measurements of the 
Doppler red shift. Early work by F. T. 
Haddock and his colleagues at the 
Naval Research Laboratory had re- 
vealed the possibility of making thermal 
emission studies throughout the micro- 


wave region. A critical problem was 
that of spectral classification of radio 
sources, based on measurements of the 
radio brightness at a number of wave- 
lengths distributed over as wide a band 
as possible. Many research problems 
were suggested for learning more about 
the solar system. For some studies of 
the moon, planets, and sun, only re- 
ceiving equipment is necessary; other 
studies require that the radio telescope 
be fitted as a radar, capable of trans- 
mitting as well as receiving. 

From these considerations, the steer- 
ing committee proposed that a series of 
steerable paraboloid telescopes be 
planned for the observatory. First in 
this series was to be an instrument (of 
140-foot diameter, it was subsequently 
decided) with very high precision in its 
reflector surface, in its position indica- 
tion, and in its capabilities for tracking 
celestial objects. The consensus was 
that such a precision instrument would 
be the most satisfactory all-purpose re- 
search tool. The committee felt that 
the observatory should also have an 
active instrumentation program, cover- 
ing antenna theory and design, elec- 
tronic tubes and other components, re- 
ceivers, and information theory and 
data handling. 

Underlying these research programs 
was a basic question of organization. 
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Should the observatory be a self- 
sufficient institution, or should it be 
divided, with its laboratory and sup- 
porting facilities located in some urban 
center and with only the observing 
equipment and a minimum of support- 
ing facilities located at a remote site? 
Examples of this latter arrangement are 
quite common among optical observa- 
tories; for example, the Pasadena office 
and laboratories of the Mount Wilson 
and Palomar observatories, and the 
Tucson laboratory of the recently es- 
tablished Kitt. Peak National Observa- 
tory. On the other hand, there are 
examples of self-sufficient observatories, 
both optical and radio. The probable 
isolation of the new observatory and the 
objective of continual interplay between 
the laboratory and the observing pro- 
grams turned the decision in favor of 
a self-sufficient organization. 

The organization of the observatory, 
its transition from a construction phase 
to an institution actively engaged in re- 
search, and the results of these re- 
searches are not treated in this article. 
It suffices to mention that Otto Struve 
has been appointed the first director. 
A permanent staff has been slowly built 
up, and these scientists, plus visitors, 
have carried on various astronomical 
observational researches since early in 
1959. The prospects are bright for 
realization of our hopes for the Na- 
tional Radio Astronomy Observatory. 


Site 


The steering committee listed eight 
specifications for the site. 

1) Radio noise. The level of radio 
noise or interference on wavelengths 
below 10 meters (frequencies greater 
than 30 megacycles per second) must 
be extraordinarily low. The fundamen- 
tal sensitivities to which the radio 
telescopes can operate on any frequency 
are directly proportional to the ratio of 
external noise to desired signal. There- 
fore, the usefulness of the site is directly 
proportional to the amount of inter- 
ference noise. To avoid noise the fol- 
lowing conditions are necessary: (i) 
the number of inhabitants close by, 
within “view” of the telescopes, who 
might generate noise in the course of 
their daily work, should be as small as 
possible. (ii) The telescopes should not 
“view” high-tension power lines, which 
radiate radio noise through corona dis- 
charges or other means. (iii) The site 
should be in a valley surrounded by as 
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many ranges of high mountains in as 
many directions as possible, to attenuate 
direct radio propagation from neighbor- 
ing radio stations and to reduce dif- 
fraction of tropospheric propagation 
into the valley. (iv) The site should be 
at least 50 miles from any city or other 
concentration of people or industries 
and should be separated from more 
distant concentrations by mountain 
ranges. (v) The site should not be near 
commercial air routes, with aircraft 
frequently flying over, or in a region 
where commerce or industry are likely 
to intrude and grow in the future. 

Quietness of the site must be assured 
for the future—for example, by appro- 
priate zoning regulations to permit 
control over the installation and use of 
equipment, devices, or systems of any 
type that might emit radio noise. 

2) Location south. The site should 
be as far south as possible, with a 
southern obstruction not exceeding a 
few degrees, to permit observation of 
the center of the Milky Way and other 
objects having southern declinations. 
A site anywhere in the United States 
could view all celestial objects in the 
northern celestial sphere but not all 
celestial objects in the southern celes- 
tial sphere. The more southerly the site, 
the more of the sky it can view. 

3) Location north. The site should 
be in northern latitudes to permit re- 
searches that involve auroras, iono- 
spheric scintillation, and polar black- 
outs. 

4) Ice and snow. The site should not 
be in an area of excessive snow and ice 
that would create great snow and ice 
loads on the radio telescopes. Snow 
and ice need not be entirely absent, but 
they should be at a minimum to prevent 
excessive “down-time” of radio tele- 
scopes. 

5) Winds. The site should not be in 
a region subject to violent winds and 
tornadoes. Because telescopes have 
large exposed areas, it is very difficult 
or impossible to construct them to with- 
stand tornadoes or hurricanes. More- 
over, strong winds are usually accom- 
panied by periodic gusts of such force 
that they might cause dangerous vibra- 
tion in large structural units. 

6) Humidity. The climate should be 
reasonably mild, and high humidity is 
undesirable. Since the radio telescopes 
operate in the open, maintenance dur- 
ing excessively long cold periods be- 
comes difficult and introduces problems 
of operation. Moreover, high humidity 
speeds the physical deterioration of 


materials and increases problems of 
electrical insulation. 

7) Size. The site should be large 
enough to allow adequate separation 
among the installations of many types 
and sizes of telescopes and arrays; the 
latter require a relatively flat space of 
1 or more square miles. A total area 
of as much as 5000 to 10,000 acres 
should be available for eventual use by 
the observatory. 

8) General surroundings. Within the 
limits set by the basic requirements, 
the site should provide as many as 
possible of the attributes of a university 
campus. These include, of course, the 
physical means for research—labora- 
tories and shops, libraries, and con- 
ference rooms. It would also be stimu- 
lating and helpful if scientists working 
in related domains of science were near- 
by—mathematicians, engineers, chem- 
ists, and physicists, to name only a few. 

The site should provide or be acces- 
sible to housing and other necessary 
facilities for visiting scientists and for 
the permanent staff and their families. 
In addition, access to other amenities, 
such as stores, theaters, and recrea- 
tional areas, is desirable. 

Within the limits of the basic require- 
ments, the site should be easy to reach 
by plane, rail, or automobile. 

A ninth specification was added by 
the National Science Foundation’s ad- 
visory panel on radio astronomy— 
namely, that the initial search be limited 
to within about 300 miles of Washing- 
ton, D.C. 

Some of the specifications are mu- 
tually contradictory or incompatible. 
It was therefore necessary to attach an 
index of importance to each. Beyond 
all question, the most important speci- 
fication is the level of radio noise or 
interference at the site. Throughout 
all of the discussions about the site 
there was a strong sense that more was 
involved than merely the selection of a 
location for the new observatory. It 
could be foreseen that an excellent site 
would be a national asset that would 
become more valuable with the passage 
of years, provided that means could be 
promptly initiated to reduce, or at least 
to hold to the present levels, radio in- 
terference from man-made sources. In- 
deed, radio astronomers located neat 
urban centers find that the present levels 
of interference forbid many relatively 
simple experiments. The steering com- 
mittee envisaged a situation in which 
these scientists could move their ap- 
paratus to the observatory site and 
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Fig. 3. Helicopter view of the central portion of the National Radio Astronomy Observatory site, looking eastward from above 
the location for the 140-foot telescope. The 85-foot Howard E. Tatel telescope appears in the distance, and at the far right the 


works area and the incomplete residence hall and laboratory buildings may be seen. [Naval Radio Research Station, Sugar Grove, 
W.Va.] 


proceed with their researches because of 
the low levels of interference, without 
using costly facilities of the observatory. 
With this potential use of the observa- 
tory site in mind, one finds a deeper 
significance in the specification for the 
size of the site. 

The search procedure was relatively 
simple at the outset. The risk of 
hurricane-wind damage to the large 
tadio telescopes eliminated the Atlantic 
coastal area from consideration. The 
U.S. Weather Bureau furnished data 
on all tornadoes recorded in the period 
1916-1950. These data show that few 
tornadoes have occurred in a large 
region from northern Maine, through 
north and central New York, north- 
central Pennsylvania, and an oval- 
shaped area, about 300 miles long and 
100 to 150 miles wide, extending in 
a southwest-northeast direction from 
eastern Kentucky and _ Tennessee, 
through West Virginia and the western 
edge of Virginia, almost to the Penn- 
sylvania border. Of these relatively 
tornado-free regions, all but the last 
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was eliminated because of problems of 
winter ice and snow, and because of 
distances of more than 300 miles from 
Washington, D.C. 

The search area, thus limited, is 
characterized by mountain ridges that 
run in a general northeast-southwest 
direction. A wide valley or cove among 
these mountains would thus offer a site 
having many of the desired character- 
istics. In particular, the rough mountain 
terrain would guarantee a relatively low 
density of human population and, 
hence, of man-made radio interference. 
Furthermore, the mountains would 
serve as partial shields against some 
more distant sources of man-made in- 
terference, and against winds. 

An ad hoc panel was organized, 
composed largely of persons having 
some direct knowledge of the search 
area, as well as an interest in the 
proposed observatory. Members of the 
ad hoc panel were H. L. Alden, J. E. 
Campbell, C. E. Cutts, E. R. Dyer, 
R. M. Emberson, H. I. Ewen, F. T. 
Haddock, J. P. Hagen, William Hardi- 


man, R. A. Laurence, William McGill, 
W. A. Nelson, P. H. Price, C. K. Sey- 
fert, and P. van de Kamp. 

This ad hoc panel compiled a list of 
more than two dozen possible sites. 
Independent inquiries were also ad- 
dressed to the U.S. Forest Service, the 
U.S. Park Service, the Geological Sur- 
vey, the Tennessee Valley Authority, 
the Army Map Service, and the 
Real Property Disposal Office of the 
U.S. General Services Administration. 
Through the early stages of the search 
there was some hope that a suitable 
site could be found on land already 
owned by the federal government. This 
hope faded and died because the search 
showed that any oasis of relatively flat 
land had been discovered by settlers 
more than a century earlier, and that 
all these coves and valleys have been 
in private hands for many years. 

Finally there were 30 site possibilities 
that seemed worthy of closer examina- 
tion. Many were eliminated by visual 
inspection, usually because of existing 
urban and industrial centers close by. 
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The five most promising sites were then 
subjected to a careful and detailed 
study. Counts were made of the total 
population within 20-mile and 50-mile 
radii for each site. Studies were made 
of existing and planned air ports, air 
lanes, and related aviation installations. 
The American Telephone and Tele- 
graph Company supplied information 
on existing and planned installations 
that might raise the radio noise levels 
nearby. Finally, arrangements were 
made with the Naval Research Labora- 
tory whereby suitable receiving equip- 
ment was made available to engineers 
of Jansky and Bailey, Inc., for the 
purpose of making radio-noise measure- 
ments. The data from these measure- 
ments were sufficient to permit assign- 
ment of a relative number or index for 
interference levels at the five sites. 

On the basis of these detailed studies, 
the 18th possibility on the list, at 
Green Bank, West Virginia, stood out. 
The radio-interference measurements 
showed that the Green Bank site was 
in a class by itself. Also, it was first 
on the basis of the population studies 
and first on the basis of the location of 
nearby towns and cities, and it was 
tied for first on the basis of aviation 
activities. 

The Green Bank site area (Fig. 3) 
consists of a triangular portion of Deer 
Creek valley, about 4 miles across at 
the southern base and extending about 
3 miles northward. The average ele- 
vation is 2700 feet above sea level. 
Mountains rise in multiple folds in all 
directions, many to heights of 4000 feet. 

The village of Green Bank, from 
which the site gets its name, is situated 
in Pocahontas County. The largest ur- 
ban center is Marlinton, the county 
seat, which is about 30 miles to the 
south. Green Bank is slightly more 
than 200 miles west of Washington, 
D.C., about midway between Roanoke, 
Virginia, and Pittsburgh, Pennsylvania, 
and about 170 miles east of Charleston, 
West Virginia. 

The steering committee unanimously 
recommended the selection of the 
Green Bank site for the proposed ob- 
servatory. The committee further urged 
that nearly all of Deer Creek valley 
at Green Bank be acquired, to insure 
better local protection against inter- 
ference, or, if direct purchase of all the 
land was not feasible, that suitable 
controls be arranged to insure con- 
tinued suitability of the site for the 
National Radio Astronomy Observa- 
tory. 
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The National Science Foundation 
adopted the steering committee’s recom- 
mendation and authorized Associated 
Universities to obtain purchase options. 
These were obtained by Richard F. 
Currence, of Marlinton, acting on 
behalf of Associated Universities. By 
mid-spring of 1956 he had about 6000 
acres under option. Purchase of more 
land had been recommended by the 
steering committee, but to have sought 
additional options would have required 
price agreements that seemed unreason- 
able, and the option program was 
halted. 

After completion of the contract be- 
tween Associated Universities and the 
National Science Foundation, in No- 
vember 1956, for the establishment and 
operation of the observatory, one of the 
first tasks was site procurement. It was 
decided to let the options lapse and to 
arrange for the U.S. Army Corps of 
Engineers to acquire the site on behalf 
of the foundation and the federal gov- 
ernment. This decision brought an 
agency with vast experience in land 
problems to the important task of ac- 
quiring the site. The valley was divided 
into regions or zones, and the Corps 
of Engineers was instructed to start 
acquisition proceedings in the central 
zone and work outward until a total 
expenditure of about $550,000 had been 
made. At that stage, no more land was 
purchased. The site, thus determined, 
consists of about 2700 acres, bounded 
on the east by state route 28 and the 
villages of Green Bank and Arbovale, 
on the south by a ridge that extends 
southwest from Green Bank, and on 
the west by the irregular boundary of 
the national forest lands. 

At the same time that the option 
program was initiated, steps were 
taken to protect the site from future 
encroachment of man-made noise. 
Through the good offices of Arthur D. 
Little, Inc., contact was made with 
the governor of West Virginia, William 
Marland, and he and members of his 
staff were briefed on the proposed ob- 
servatory. The West Virginia officials 
were favorably disposed toward the 
plan, and they thought that a zoning 
act could be drafted that would give 
the observatory protection against the 
encroachment of local, unlicensed 
sources of radio interference. West Vir- 
ginia legislative leaders were briefed on 
the problem, drafts were discussed and 
revised, and a special session of the 
Assembly and Senate convened on 9 
August 1956. The legislature enacted 


the Radio Astronomy Zoning Act, 
which to the best of our knowledge is 
the first legislation anywhere in the 
world designed explicitly to protect re- 
search in radio astronomy and allied 
sciences. 

This special zoning act also protects 
the naval station at Sugar Grove, West 
Virginia, located a little more than 30 
air miles east and north of Green Bank. 
The observational environment desired 
by the Navy at Sugar Grove is similar 
to that desired for the National Radio 
Astronomy Observatory, and the two 
groups have worked closely together 
in seeking to eliminate or reduce the 
levels of radio interference from man- 
made sources. 

The West Virginia zoning act is di- 
rected toward unlicensed, local sources. 
The Federal Communications Commis- 
sion has jurisdiction over licensed, in- 
tentional transmitters. (Within _ the 
federal government, the Interdepart- 
mental Radio Advisory Committee 
plays a regulatory role among federal 
agencies that is analogous to the rela- 
tionship of the Federal Communications 
Commission to commercial broadcast- 
ers.) The special radio-noise problem 
at Green Bank and Sugar Grove was 
taken to Washington. After thorough 
hearings and several reviews had been 
completed, special rules were promul- 
gated to establish a radio quiet zone 
for both Green Bank and Sugar Grove. 
This quiet zone is rectangular in area, 
approximately 100 miles across in the 
east-west direction, and 120 miles from 
north to south. The special rules pro- 
vide that civil applications for new or 
revised transmitters in the quiet zone 
shall be brought to the attention of the 
director of the National Radio Astron- 
omy Observatory, who is responsible for 
bringing the matter to the attention of 
the Navy at Sugar Grove and submitting 
a coordinated reply or comment to the 
Federal Communications Commission. 
(In the case of applications by a gov- 
ernmental agency, the case is handled 
between Green Bank and Sugar Grove 
by the Navy.) To date, this arrange- 
ment seems to be working smoothly. 

Radio astronomers know aircraft can 
seriously interfere with the work at 
Green Bank. A- metal airplane without 
any electronic equipment on board can 
serve as a mirror to reflect into the 
radio telescopes signals from ground 
stations that otherwise would be 
shielded by the mountain ridges. When 
the nearby aircraft is equipped with 
electronic equipment, including beacon, 
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navigational, and other types of trans- 
mitters, the situation becomes quite 
serious. The primary emissions from 
such nearby transmitters completely 
mask any celestial radio signals at the 
same frequency. In addition, spurious 
emissions, which may be at frequencies 
above and below those of the primary 
emissions and which are of such low 
intensity as to be of no consequence 
in normal communications and naviga- 
tional applications, are frequently of 
the same order of magnitude as the 
celestial signals sought by the astron- 
omers. The hydrogen emission at 21 
centimeters, or 1420 megacycles per 
second, and the lower frequencies that 
result from a Doppler red shift, un- 
fortunately lie in a band assigned to 
aviation purposes. Thus, for example, 
the spurious signals from aircraft flying 
in the neighborhood of Green Bank 
will interfere with this important astro- 
nomical observing band, even if the 
aircraft transmitter’s primary frequency 
is carefully set away from the hydro- 
gen frequency. Because of this situation. 
Associated Universities has asked the 
National Science Foundation to seek 
some measure of protection against 
aircraft interference at Green Bank. 
Since the first observation of hydro- 
gen emission by Ewen and Purcell, 
radio astronomers have recognized that 
they were the receiving station for a 
peculiar type of communication sys- 
tem. If both man-made transmitters 
and receivers were used by the scien- 
tists, they could apply for a license that 
would assign a frequency for the ex- 
perimental work. In the case of radio 
astronomy, including also many 
branches of geophysics, the transmitter 
is a natural phenomenon, emitting at 
frequencies independent of man and his 
neat allocations and assignments. 
Hence, a normal type of communica- 
tion license is not helpful to the re- 
search programs, unless it is carefully 
written to coincide with the frequencies 
of the natural emitters. Essentially such 
a special research license has been and 
is being sought by several groups repre- 
senting radio astronomers and allied 
scientists. For a number of years both 
the International Astronomical Union 
and the International Scientific Radio 
Union have urged that special -fre- 
quency bands be assigned for research 
purposes. In the United States, the 
Federal Communications Commission 
has recommended, in docket No. 12263, 
that the 1400-to-1427-megacycle-per- 
second frequency band be reserved in- 
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Fig. 4. Fabrication in the Bliss plant of part of the yoke for the 140-foot telescope. 
[E. W. Bliss Company] 


ternationally for radio astronomical use. 

This matter also found its way to the 
9th Plenary Assembly of the Interna- 
tional Radio Consultative Committee, 
meeting in Los Angeles during April 
1959. The committee adopted the fol- 
lowing recommendation (Docket No. 
437-E [revised]): (i) that radio astron- 
omers should be encouraged to choose 
sites as free as possible from _inter- 
ference; (ii) that administrations should 
afford all practicable protection to the 
frequencies used by radio astronomers 
in their own and neighboring coun- 
tries; (iii) that particular care should 
be taken to give complete international 
protection from interference to observa- 
tions of emissions known or thought 
to occur in the following bands: 


Line Band to be 

Line frequency protected 
Mcy/ sec Mcy/ sec - 

D 327.4 322- 329 
H 1420.4 1400-1427 
OH 1667 1645-1675 


(iv) that the bands allocated for stand- 
ard frequency and time signal emissions 
at 2.5, 5.0, 10.0 and 20.0 megacycles 
per second should not include anything 
other than the standard frequency and 
time signal emissions, their use for re- 
ception in radio astronomy thus being 
permitted; (v) that consideration be 
given to securing adequate interna- 
tional protection of a number of 
narrow-frequency bands throughout the 
spectrum above 30 megacycles per 
second for the purpose of reception in 


radio astronomy (8); and (vi) that 
administrations, in seeking to afford 
protection to particular radio astro- 
nomical observations, should take all 
practicable steps to reduce to the abso- 
lute minimum amplitude harmonic 
radiations falling within bands of fre- 
quencies to be protected for radio 
astronomy. 

To become effective, these recom- 
mendations must be adopted by the 
International Telecommunications Un- 
ion. This treaty-making organization, in 
which the United States participates 
through an official delegation organized 
by the Department of State, is in session 
at Geneva as this article is being 
written. At Geneva, the requirements 
for scientific research are opposed by 
the pressures for allocations in the fre- 
quency spectrum to commercial, mili- 
tary, and other users. Obviously, an 
allocation of a portion of the frequency 
spectrum has great potential value, and 
the pressures at Geneva are correspond- 
ingly in evidence. It is understood that 
the U.S.S.R. favors the adoption of the 
International Radio Consultative Com- 
mittee recommendations, but other na- 
tions are awaiting an indication of the 
United States’ position. The official 
instructions of the United States dele- 
gation on this matter have not been 
made public. It is hoped that a strong, 
affirmative stand to protect basic re- 
search will be taken. The situation is 
critical because the International Tele- 
communications Union convenes only 
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at about 10-year intervals. If protective 
measures are not taken now, research 
in radio astronomy and allied sciences 
throughout many portions of the fre- 
quency spectrum will be doomed during 
the next decade. 


Site Planning and Development 


As part of the feasibility study, the 
New York firm of Eggers & Higgins 
planned the development of a typical 
site in order to bring some realism to 
the estimates of the work that would 
have to be done. After the site in West 
Virginia was selected, it seemed better 
to engage a firm more familiar with the 
local building situation. Accordingly, 
under its contract with the National Sci- 
ence Foundation, Associated Universi- 
ties engaged the firm of Irving Bowman 
& Associates, of Charleston, West Vir- 
ginia, to perform the necessary archi- 
tectural and engineering work at Green 
Bank. It was made clear that the special 
technical problems related to the radio 
telescopes and other research equip- 
ment were not a part of the Bowman 
assignment. 

Advantage was taken of a relatively 
high ridge that extends across the cen- 
tral portion of the site in a general east- 
west direction. A plan was developed 
whereby most of the observatory build- 
ings would be located at the eastern 
end of the ridge, close to route 28. 
Radio telescopes of the steerable parab- 
oloid variety would be placed further 
west along the ridge, thus minimizing 
through distance any interference from 
automobile traffic on the highway. An 
access road was designed and con- 
structed along the central ridge. 

The electric power distribution sys- 
tem found in the Green Bank area was 
marginal, even if no additional loads 
were added by the observatory. The 
Monongahela Power Company advised 
that long-range plans called for a com- 
plete revision and modernization of the 
system. This revision was accelerated 
because of the observatory’s require- 
ments. As this report is being written, 
a new 66-kilovolt line is being con- 
structed along the Greenbrier River, 
approximately 7 miles west of the site. 
A substation will feed a 12-kilovolt 
branch that comes east to the observa- 
tory. Where this feeder line comes over 
the nearest mountain ridge within 
“view” of the radio telescopes, the nor- 
mal line is replaced with shielded cable 
in order to minimize radio interference. 
A second transformer station, located 
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on the east bank of Deer Creek and 
naturally shielded from the radio tele- 
scopes, will convert from 12 kilovolts 
to the 4160-volt power that is dis- 
tributed through an underground con- 
duit system, parallel to the observatory 
road. Transformers are provided at each 
telescope, building, or other major in- 
stallation. The total observatory power 
requirements, including those of the 
140-foot telescope (described in more 
detail below), have been estimated at 
slightly more than 1 megawatt. The 
system being installed by the Monon- 
gahela Power Company is capable of 
delivering 3 megawatts. 

Water at Green Bank is obtained 
from wells, usually drilled to a depth 
of slightly more than 100 feet. The 
supply is modest by commercial stand- 
ards but should be adequate for the 
normal observatory requirements. The 
complex of residence hall and cafeteria, 
laboratory, and works area or shop 
buildings is served by three wells that 
supply an elevated 100,000-gallon tank. 
This arrangement offers some degree of 
fire protection and is certainly capable 
of handling the normal daily peak loads. 


Building Program 


During the feasibility study, the steer- 
ing committee reviewed the types of ac- 
tivities that would be carried on at the 
new observatory and recommended 
that four types of buildings be in- 
cluded in the site development plan. 
First was the obvious requirement for 
a control building, or its equivalent, for 
each radio telescope, to serve as a base 
of operations for radio astronomers and 
to house the electronic equipment 
required for the receivers and data stor- 
age and processing. Second, a labora- 
tory building in combination with ad- 
ministrative offices would be needed. 
Third, construction of shops for main- 
tenance of the observatory, as well as 
for the construction of special equip- 
ment, was deemed advisable; and 
fourth, housing was required, particu- 
larly for visiting scientists. 

As the Army Corps of Engineers 
acquired the site, some farm houses 
became available for use. The first of 
these was remodeled as a field office 
and has been in use since May 1957. 
Other houses were converted to pro- 
vide office space for the radio astron- 
omers and laboratory space for the 
physicists and electronic engineers. 
Other houses were remodeled to serve 
as family dwellings, and the largest has 








farm houses will probably continue to 
be used for housing for a number of 
years. It is entirely unreasonable to 
expect scientific visitors to the observa- 
tory to make personal investment in a 
residence, and when these visitors come 
with families too large to be accom- 
modated in the rooms or apartments 
available at the new residence hall, the 
only possible solution is to have an 
individual residence available. 

The hypothetical site development 
undertaken by Eggers & Higgins as part 
of the feasibility study included pre- 
liminary plans for the buildings at 
Green Bank.. These preliminary plans 
were subsequently revised in accordance 
with more precise estimates of the re- 
quirements for the observatory. Por- 
tions of three buildings have now been 
completed at Green Bank. A decision 
was made to combine all of the main- 
tenance shops, warehousing, and similar 
activities in one building, of which one 
wing would be of special construction 
with high, clear spans to permit work 
to be done indoors on large and bulky 
equipment. Budget limitations would 
not permit construction of this special 
wing in the initial phase of the program. 
This so-called “works area” building 
was completed in the fall of 1958. Im- 
mediately upon its completion, the re- 
search equipment development depart- 
ment, under John W. Findlay, moved 
into a portion of the building. A 
conference room, carpenter shop, ma- 
chine shop, and stock room were also 
provided, in addition to the necessary, 
boiler room, electric power center, and 
area for the maintenance of work ve- 
hicles at the site. 

The laboratory building envisioned 
by the committee for the observatory 
will have a central section plus three 
wings. One wing is to accommodate the 
special laboratories required in the de- 
velopment of the electronic equipment 
required for the research programs. A 
second wing will consist of a large au- 
ditorium, and the third wing will pro- 
vide accommodations for research as- 
tronomers, as well as large computer 
facilities. The central part will accom- 
modate all the administrative offices, 
including the offices of the director and 
his immediate staff and offices of some 
of the research astronomers, the library, 
several conference rooms, and the mis- 
cellaneous requirements for the research 
establishment. For budgetary reasons, 
only the central section of the labora- 
tory was included in the first phase of 
construction. This will be ready for 
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Fig. 5. View from the northeast of the nearly completed foundation for the 140-foot telescope. The two huge derricks will be 
used to lift the subassemblies of the telescope into position. [National Radio Astronomy Observatory] 


occupancy early in the fall of 1959, 
when the research equipment develop- 
ment group will move from its tem- 
porary quarters in the works area build- 
ing and will occupy most of the labora- 
tory’s first floor. A small engineering 
office concerned with the construction of 
the 140-foot telescope and with similar 
problems will also be housed on the 
first floor. On the second’ floor, Otto 
Struve will have his offices, adjacent 
both to the administrative department, 
under Frank J. Callender, and to the 
astronomy department, under David 
S. Heeschen. 

The residence hall, which also will be 
ready for occupancy in the fall of 1959, 
provides four apartments on the first 
floor, together with a cafeteria that will 
be adequate to provide meals for the 
observatory staff, which, it is now esti- 
mated, will ultimately be something 
more than 100 persons. The second 
floor of the residence hall provides 
16 bedrooms, each with an individual 
bath. It is planned that each of these 
rooms will be occupied by a single 
individual, but they are large enough 
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to accommodate two people at times 
of special meetings and symposia. The 
ultimate plans for the observatory pro- 
vide for at least twice this much resi- 
dence hall space, as well as for addi- 
tional residences to supplement the 
renovated farm houses. 


Telescope Program 


The feasibility study for the observa- 
tory ended with a proposal for a series 
of six radio telescopes of the steerable 
paraboloid variety, as follows: (i) a 
600-foot telescope, the largest com- 
pletely steerable instrument at the ob- 
servatory; (ii) a telescope of 250- to 
300-foot aperture; (iii) a 140-foot tele- 
scope of the highest attainable pre- 
cision; (iv) two telescopes of the 
“standard” 60-foot or 84-foot size, both 
to be devoted to observational research 
programs; and (v) a relatively small 
(28 feet in diameter) telescope to be 
devoted primarily to pattern measure- 
ments and to the testing of receivers or 
other components under development at 


the observatory. It was also agreed that 
arrays and similar antenna devices 
would be installed at the observatory. 
However, these devices are less costly 
than steerable paraboloids, and _ it 
seemed best to treat them as expend- 
able equipment that would be designed 
and built to meet the needs of particular 
research programs. 

Early in the study it was recognized 
that radio astronomers require tele- 
scopes of high resolution, in order to 
be able to distinguish between two 
sources close together in the sky, and 
of high gain, to assist in the detection 
of the very weak celestial signals. 
Hence, a premium was placed on tele- 
scopes of large aperture. From purely 
structural considerations, the consensus 
of engineers consulted on the matter 
was that a paraboloid several thousand 
feet in diameter could be mounted to be 
fully steerable. But the cost would be 
very great. Accordingly, the steering 
committee decided that a_ structural 
design study should be undertaken for 
construction of a paraboloid of the 
more modest size of 600 feet. The work 
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was undertaken by Jacob Feld (9). 
Feld was asked to consider a paraboloid 
surface true to within 1 inch over the 
entire 600-foot aperture, and true to 
within % inch over the inner 300 feet 
of the aperture, as minimum goals, and 
a tolerance of % inch over the entire 
surface as the desired. goal. This re- 
flector was to be mounted in a manner 
such that it could be pointed anywhere 
in the sky with an accuracy of 7 sec- 
onds of arc, and the maximum permis- 
sible angular rate of motion was to be 
at least 30° ner minute. The Feld study, 
which was completed in July 1955, 
showed that it was technically feasible 
to build a steerable parabolic telescope. 
But Feld also found that the extreme 
tolerances imposed difficult structural 
problems, and he concluded that the 
most practical telescope design would 
probably be one that would incorporate 
various types of servo devices to keep 
the components of the telescope struc- 
ture in the proper shape and adjustment. 

By the summer of 1956 it became 
clear that the Navy would probably 
build a large radio telescope at Sugar 
Grove that might be available on a 
limited basis for astronomical research. 
Accordingly, plans for constructing 
fully steerable paraboloids in the 300- 
foot and 600-foot size range have been 
virtually abandoned for the observatory. 
However, certain astronomical prob- 
lems require telescopes with very large 
equivalent apertures, and thought has 
been given to the possibility of installing 
very large antennas that would offer the 
large aperture at the expense of sky 
coverage or steerability. 


The 140-foot telescope was proposed 
as a general-purpose research instru- 
ment. The exact size of this instrument 
has no significance. The 50-foot tele- 
scope at the Naval Research Laboratory 
has a reflector that is sufficiently true 
to permit work at radio wavelengths 
as short as 1 centimeter. The precision 
instrument for the National Radio As- 
tronomy Observatory was to be about 
three times as large and to be of such 
quality as to permit work at wave- 
lengths at least as short as 3 centimeters. 

The specifications for the instrument 
have gone through several revisions, 
each more specific than the former and 
intended to make the telescope more 
useful for a variety of research pur- 
poses. The 140-foot paraboloid will 
have a focal length of 60 feet and, 
hence, a focal-length/diameter (f/d) 
ratio of 0.43. For all positions and in 
winds up to’ 16 miles per hour, the 
surface is to be true to %4 inch. The 
surface will be of aluminum plate, 
% inch thick, and composed of 72 
panels; the individual panels are to be 
true to 14, inch. These panels are to 
be mounted on adjustable shoes. Hence, 
for one position of the telescope and in 
the absence of strong winds or thermal 
effects, the user should be able, with 
great patience, to adjust the entire 
surface to about 14, inch. To measure 
or survey a surface as large as the 140- 
foot paraboloid with this degree of pre- 
cision is a problem of some difficulty. 

The supports that will hold the radio- 
frequency horns and other electronic 
equipment at the focus of the parabo- 
loid are to accommodate -a load of 








Fig. 6. Two sections of the polar shaft for the 140-foot telescope, ready for shipment from the Bliss plant to Green Bank, West 


1000 pounds in a manner such that 
gravity deflections will not exceed % 
inch as the telescope scans the sky. 

The paraboloid will be supported on 
an equatorial ‘mount that will permit 
approximately the same sky coverage 
that is available with the Palomar 200- 
inch optical instrument. Because the 
total moving mass above the polar axis 
will exceed 2000 pounds, for this axis 
an “oil-pad” or hydrostatic bearing sys- 
tem is specified. At the north end of 
the polar shaft, a segment of a 22-foot- 
diameter sphere will rest on the equiva- 
lent of three pads. At the south end of 
the shaft, a cylinder 5 feet in diameter 
will be held by four pads that may be 
adjusted somewhat like the jaws of a 
four-jawed chuck. 

This combination of bearings offers a 
simple means of aligning the polar shaft 
parallel to the axis of the earth. The 
drive and control system is to have an 
over-all precision of 10 seconds of arc, 
for good environmental conditions and 
slow rates of motion. In addition to 
automatic tracking rates, to compensate 
for the diurnal rotation of the earth 
and for the slow motions of the sun, 
moon, and planets relative to the stars, 
the telescope will be capable of scan- 
ning areas of the sky at rates as high 
as 8° per minute and with a pattern 
similar to the scan of the picture on a 
television tube. The telescope will also 
be capable of faster rates, up to 50° 
per minute, which in some future experi- 
ments may be controlled in order to 
keep the telescope pointed at a fast- 
moving object, such as an artificial 
satellite. The requirements for close 





Virginia. The shaft has to be sent in sections because the complete assembly will not pass through railroad tunnels along the 


route. [E. W. Bliss Company] 
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surface tolerances and great positional 
precision have placed a premium on 
rigidity of structure of the telescope. 

The basic design of the telescope is 
the work of N. L. Ashton. An ad hoc 
advisory group consisting of T. C. 
Kavanagh (chairman), P. P. Bijlaard, 
J. G. Bolton, N. A. Christensen, A. M. 
Freudenthal, F. T. Haddock, M. B. 
Karelitz, D. P. Lindorff, E. F. McClain, 
E. J. Poitras, B. H. Rule, J. O. Silvey, 
and H. E. Tatel reviewed and assisted 
with the work. The Franklin Institute 
prepared the preliminary designs for the 
polar shaft bearings, and T. W. Brown 
developed a design for the drive and con- 
trol system. The Canton division of the 
E. W. Bliss Company has the prime con- 
tract for construction of the telescope 
(Fig. 4). Darin & Armstrong, Inc., of 
Detroit, holds. the subcontract for the 
field work at Green Bank. The Electric 
Boat Division of General Dynamics Cor- 
poration holds the subcontract for the 
drive and control system. 

The foundation for the telescope, 
which will also serve as a control build- 
ing to house the necessary auxiliary 
apparatus for the research scientists, is 
nearing completion at Green Bank (Fig. 
5). Meanwhile, the first major compo- 
nent of the telescope, the polar shaft, 
was shipped from the Bliss plant on 
29 August (Fig. 6). Because of the 
mammoth size of the instrument, final 
machining and assembly must be com- 
pleted in the field. 

In order that astronomical observa- 
tions could be started at the National 
Radio Astronomy Observatory prior to 
the completion of the 140-foot tele- 
scope, and in recognition of the ex- 
pressed need for access to a telescope 
of intermediate size by scientists at 
several institutions, a decision was made 
to purchase an 85-foot telescope from 
the Blaw-Knox Company. This. instru- 
ment (Fig. 7) is on an equatorial 
mount, the basic design for which was 
suggested by M. A. Tuve and his col- 
leagues at the Department of Terres- 
trial Magnetism, Carnegie Institution of 
Washington. The late Howard E. Tatel 
was one of the principal contributors 
to this design, and the National Radio 
Astronomy Observatory telescope has 
been named in his memory. Analysis 
of the mount reveals that it is, essen- 
tially, a series of nearly equilateral 
triangles: there are three concrete bases 
in the ground, two on the north side 
and one at the south; the polar shaft 
is the axis of a right-circular cone, its 
apex coinciding with the south end of 


13 NOVEMBER 1959 





Fig. 7. The Howard E. Tatel 85-foot telescope. The control building is to the north. 
Some electronic components are mounted in the cylindrical container behind the horn 
feed at the focus. When the telescope is turned far to the east, an elevator provides 
access to the equipment at the focal point. 


the polar shaft and its base forming 
the truss for the polar drive gear, the 
sides and base being built up of tri- 
angular elements; and the heavy frame 
from the north end of the polar shaft 
to the ends of the declination shaft 
forms an important triangular con- 
figuration. These are examples of the 
triangular systems to be found in the 
telescope structure. The reflector is a 
paraboloid with an f/d ratio of 0.43, 
the same as that of the 140-foot tele- 
scope. This coincidence is desirable be- 
cause a feed designed to operate with 
one reflector will also match the other. 
The reflector surface is made up of 
panels ‘covered with aluminum sheet. 
The tolerances are such that the tele- 
scope may be used effectively at wave- 
lengths as short as 3 centimeters. The 
drive and control system provides an 
accuracy of about 2 minutes of arc; 
the power components for this system 
are located in a shielded metal house 
beneath the telescope. 

Electronic components that must be 


near the pickup feed are located in a 
weatherproof container supported be- 
hind the focus of the paraboloid. Other 
electronic components are located in 
metal boxes or sheds mounted behind 
the reflector near the declination bear- 
ings. The receiver indicators, data 
storage and processing equipment, and 
related apparatus are located in the 
control building, which is on the north 
side of the telescope. 

A dual feed, operating at 3.75- and 
21-centimeter wavelengths, was ob- 
tained from Jasik Laboratories. At the 
start of observational work with the 
telescope, early in 1959, it was found 
that a 3.75-centimeter receiver, pro- 
cured from Ewen-Knight Corporation, 
and a 21-centimeter receiver, procured 
from Airborne Instruments Laboratory, 
could be operated simultaneously, with- 
out noticeable cross interference. Sub- 
sequently, a 75-centimeter feed and 
receiver, both designed and built by the 
National Radio Astronomy Observatory 
research equipment development de- 
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partment, have been added, and simul- 
taneous observations at three wave- 
lengths are now routine procedure. 

Four other instruments at Green 
Bank are worthy of note. Reber’s orig- 
inal telescope was requisitioned by the 
government during World War II. In 
1955 it was located, completely dis- 
mantled, at the Boulder laboratories of 
the National Bureau of Standards. Be- 
cause of the historical significance of 
the telescope, arrangements were made 
through the National Science Founda- 
tion for the transfer of the telescope to 
the National Radio Astronomy Observ- 
atory. The telescope is now being com- 
pletely refurbished and rebuilt under 
Reber’s personal supervision. The tele- 
scope will be mounted in the altazimuth 
form, as it was at the Bureau of Stand- 
ards, rather than in the simple meridian 
form, as it was built by Reber in 
Wheaton, Illinois, more than 25 years 
ago. This telescope has a parabolic re- 
flector some 30 feet in diameter and, 
therefore, will be valuable for experi- 
mental purposes, as well as for its 
historical interest. 

A precision 12-foot parabolic spin- 
ning reflector with an f/d ratio the 
same as that of the 85- and 140-foot 
telescopes was found at a British firm. 
This reflector has been mounted on an 
old radar turret that provides 360° of 
azimuth motion, but only some limited 
motion in altitude. The 12-foot reflector 
will be used primarily for test purposes, 
particularly for pattern measurements 
in developing feeds and supports. 

The feasibility study pointed out that 
the observatory would have a responsi- 
bility for establishing standards of 
measurements for radar astronomy. 
Because a horn is more susceptible to 
theoretical calculations than any other 
type of antenna, J. W. Findlay is con- 
structing a large horn as part of the 
observatory’s standardization program. 


1318 


The horn will be 120 feet long, with 


a 13- by 17-foot aperture; appro- 
priately, it has been called the “little 
big horn.” The horn will lie in a fixed 
position, selected so that the bright 
radio source, Cas A, will transit once 
each day. 

An interferometer, consisting of two 
38- by 38- by 50-foot corner reflectors 
situated on a 2000-foot east-west base- 
line, has been in operation for about a 
year. The interferometer is designed for 
use at low frequencies to record such 
phenomena as the sudden emissions 
from Jupiter. 

The receivers for the radio telescopes 
will always be subject to improvement 
and modification, to take advantage of 
improved electronic components and 
techniques, and to meet the particular 
requirements of the individual research 
programs. For these reasons, the re- 
ceivers and related electronic compo- 
nents are generally treated as items in 
the annual operating budget, rather 
than as a part of the capital equipment. 
The basic observational data—re- 
ceiver output, telescope position, and 
time—are available in digital form to 
permit storage and processing by elec- 
tronic computers. The receiver output 
is also normally recorded in strip form 
to permit immediate visual inspection 
by the research scientists. 


Summary 


The existence of the National Radio 
Astronomy Observatory and the re- 
searches already accomplished there 
are the result of the foresight and wis- 
dom of United States scientists, the Na- 
tional Science Board, and the Congress, 
who joined forces to make possible this 
new national asset. Continued effort 
will be needed to insure that the observ- 
atory will always have the finest pos- 


sible research instruments and that the 
site will be a haven of radio quiet. 
Visiting scientists in some _ instances 
may wish to bring equipment with 
them for studying special problems, 
Within its means, the observatory will 
provide supporting facilities, including 
receivers and other electronic devices, 
computers, laboratories and shops, and 
housing. Scientists interested in more 
details concerning arrangements for 
visitors should direct their inquiries to 
the National Radio Astronomy Obsery- 
atory, P. O. Box 2, Green Bank, West 
Virginia. 
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Sulfhydryl-Disulfide Interchange 


This biological chain reaction explains aspects of 
protein denaturation, blood clotting, and mitosis. 


Recently it has become evident that 
a variety of phenomena involving pro- 
teins and peptides possess certain rather 
unusual features consistent with the as- 
sumption that existing disulfide bonds 
have been disrupted and new disulfide 
bonds have formed. Unlike the pre- 
viously known cases of disulfide modi- 
fication in proteins by reduction of 
these bonds to sulfhydryl groups fol- 
lowed by reoxidation of the latter to 
new disulfide linkages, the more subtle 
disulfide rearrangements here described 
take place in the absence of added re- 
ducing and oxidizing agents and appear 


to be chain-type reactions initiated in. 


most cases .by very small amounts of 
sulfhydryl compounds. Under appro- 
priate conditions, the initiating sulfhy- 
dryl reacts with a disulfide group to 
form a new disulfide linkage, at the 
same time generating a new sulfhydryl 
group capable of reiterating the process 
(Fig. 1). Thus, a single sulfhydryl ini- 
tiator can bring about the reaction of 
a large number of disulfide groups, and 
the occurrence of such processes, often 
under rather mild conditions, can exert 
far-reaching effects. 

This article summarizes the reported 
examples of such sulfhydryl-disulfide 
interchange phenomena. Although most 
of these observations are concerned 
with in vitro transformations of pro- 
teins and peptides, it now appears that 
similar reactions are involved in cer- 
tain physiological processes as well. It 
is hoped that the concept of a sulf- 
hydryl-disulfide chain reaction may 
prove of value in elucidating the mech- 
anisms of still other biological phe- 
nomena. 


Protein Reactions 


Most observations of sulfhydryl- 
disulfide interchange reactions have 
been concerned with phenomena accom- 
panying protein denaturation, chiefly 


13 NOVEMBER 1959 


Elwood V. Jensen 


those of aggregation. The first indica- 
tion that protein sulfhydryl groups play 
a role in the aggregation of denatured 
protein came from observations of the 
remarkable influence of the single sulf- 
hydryl group of bovine plasma albumin 
on the nature of the clot or coagulum 
formed when solutions of this protein 
are heated (1). Clots formed by the 
thermal denaturation of ordinary bovine 
plasma albumin at neutral pH are 
opaque, friable, and synerizing, whereas 
those formed from albumin which has 
had its sulfhydryl group destroyed or 
blocked by treatment with an appro- 
priate “sulfhydryl reagent” are trans- 
parent, firm, and nonsynerizing. More- 
over, in the absence of the sulfhydryl 
group, solid gels are formed in solu- 
tions of much lower albumin concen- 
tration than when the sulfhydryl group 
is present. On the basis of existing con- 
cepts of gel structure (2), it was con- 
cluded that in the coagulum formed 
from sulfhydryl-containing ‘albumin, 
the denatured protein chains lie in close 
side-by-side association and that the 
albumin sulfhydryl group must in some 
way bring about this type of aggrega- 
tion (1). 

The manner in which a sulfhydryl 
group is able to promote cross linking 
of protein molecules became apparent 
during subsequent experiments on the 
denaturation of proteins by urea (3). 
The previously known property of pro- 
teins such as plasma albumin, fibrino- 
gen, y-globulin, and egg albumin to 
form clear firm gels when exposed to 
concentrated urea (4) was shown to 
depend on the presence of small 
amounts of protein sulfhydryl groups. 
Gelation in urea or in guanidine hydro- 
chloride is favored by increased pH, 
inhibited by oxygen, eliminated by 
blockage of protein sulfhydryl groups, 
and restored to sulfhydryl-free protein 
by the addition of trace amounts either 
of sulfhydryl-containing proteins or of 
simple mercaptans. Since the observed 


phenomena appear to involve a stoichi- 
ometry quite different from that usually 
encountered in protein reactions, it was 
proposed that, under the conditions of 
protein denaturation, the sulfhydryl 
group initiates a chain reaction with 
disulfide groups in the manner illus- 
trated in Fig. 1, leading to a regular 
three-dimensional gel network in the 
case of urea denaturation (and to side- 
by-side association of protein mole- 
cules in the case of thermal denatura- 
tion where no urea molecules are pres- 
ent to hold the protein units apart). 

Subsequent measurements (5) of vis- 
cosity changes in more dilute bovine 
plasma albumin solutions clearly dem- 
onstrated that, in addition to the large 
immediate increase in viscosity follow- 
ing exposure of the protein to concen- 
trated urea, there is a further grad- 
ual sulfhydryl-dependent viscosity rise 
which is influenced by the same factors 
as is the gelation in more concentrated 
albumin solutions, and which thus re- 
flects the disulfide interchange reaction. 
Similarly, in the case of thermal de- 
naturation, the results of viscosity and 
sedimentation measurements on dilute 
albumin solutions, as well as the effect 
of traces of mercaptans on the thermal 
coagulation of iodoacetamide-treated 
albumin, furnish strong support for the 
concept that lateral association by sulf- 
hydryl-initiated disulfide interchange 
takes place when albumin solutions are 
heated (6). 

These considerations of a chain-type 
sulfhydryl-disulfide interchange reac- 
tion operating during conditions of pro- 
tein denaturation have been confirmed 
and extended by a number of investi- 
gators. As part of an extensive study 
of the effect of urea denaturation on 
the viscosity and optical rotation of 
protein solutions, Kauzmann and _ his 
collaborators (7) have shown that, 


_ with both ovalbumin and bovine plasma 


albumin, an exchange reaction between 
sulfhydryl and disulfide groups is an 
important cause of aggregation during 
denaturation, especially at pH values 
above neutrality. Subsequent investiga- 
tions of solubility changes during the 
course of urea denaturation of bovine 
plasma albumin permitted Kauzmann 
and Douglas (8) to distinguish be- 
tween intramolecular disulfide exchange, 
which diminishes protein solubility only 
slightly, and intermolecular disulfide 
exchange leading to aggregation and a 
larger decrease in solubility. From the 





The author is. associate professor in the Ben 
May Laboratory for Cancer Research, University 
of Chicago, Chicago, Ill. 


1319 








ability of reducing agents to decrease 
the light scattering of solutions of albu- 
min which had been denatured by heat, 
shaking, or exposure to ethanol or 
urea, Halwer (9) concluded that the 
denatured protein is cross linked, at 
least partially, by intermolecular disul- 
fide bonds, this cross linking being most 
pronounced in the case of the alcohol- 
treated protein. 

From the effect of pH and of sulfhy- 
dryl reagents on the molecular weights 
of proteins in 7M urea, McKenzie, 
Smith, and Wake (/0) concluded that, 
with bovine plasma albumin, the only 
cause of aggregation is sulfhydryl- 
disulfide interchange, which occurs 
under alkaline but not under acid con- 
ditions. With ovalbumin, aggregation 
appears to take place both by disulfide 
exchange and by hydrogen bonding, the 
latter being somewhat more important. 
Kolthoff and his coworkers (//) have 
studied viscosity changes of dilute bo- 
vine plasma albumin solutions after 
treatment with guanidine hydrochloride, 
and, in agreement with previously men- 
tioned findings with urea, they have 
observed a gradual prolonged increase 
in viscosity, resulting from protein ag- 
gregation through sulfhydryl-disulfide 
interchange. After prolonged exposure 
of bovine plasma albumin to guanidine 
hydrochloride, the same authors ob- 
served a decrease in the reactivity of 
the protein sulfhydryl group toward 
silver or mercuric ions, which they at- 
tribute to the production, by sulfhydryl- 
disulfide interchange, of a sulfhydryl 
group less accessible to silver or mercury 
than the .original one. Toward ferricya- 
nide, the reactivity relationship is re- 
versed;. Kolthoff and Anastasi (/2) 
have shown that the original sulfhydryl 
group in native bovine plasma albumin 
is not oxidizable by ferricyanide, but 
that exposure to concentrated urea or 
guanidine hydrochloride produces a 
new sulfhydryl group which, after re- 
moval of the denaturing agent, can be 
oxidized by ferricyanide to form a pro- 
tein dimer. 

A number of observations confirm 
the occurrence of disulfide interchange 
during thermal denaturation of proteins. 
The effect of oxidizing and reducing 
agents on the viscosity and turbidity of 
heated #-lactoglobulin solutions led 
Zittle' and DellaMonica (13) to con- 
clude that the protein sulfhydryl groups 
promote lateral association of peptide 
chains, with resulting opacity, although 
the effect is less pronounced than in the 
previously mentioned case of bovine 
plasma albumin (J, 6). From the in- 
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Fig. 1. Sulfhydryl-disulfide interchange in 
proteins. 


fluence of sulfhydryl reagents on the 
sedimentation behavior of thermally de- 
natured bovine plasma albumin and on 
its solubility in 83-percent acetic acid, 
Steinrauf and Dandliker (/4) have 
shown that during the first 30 seconds 
at 100°C and pH 5.6, intramolecular 
rearrangement of hydrogen bonds takes 
place, after which a rapid intermolecu- 
lar disulfide interchange commences, 
leading to polymerization. Somewhat 
similar conclusions were reached by 
Warner and Levy (/5) working at the 
lower temperature of 65.7°C. Kinetic 
investigations, involving sedimentation 
studies of the intermediate products 
formed in this mild thermal denatura- 
tion of bovine plasma albumin in the 
presence and absence of sulfhydryl re- 
agents, indicate that the initial reaction 
is an intramolecular sulfhydryl-disulfide 
interchange and that aggregation takes 
place subsequently, in part by an ex- 
change mechanism of an intermolecular 
type. 

Apparently, precipitation of a pro- 
tein with alcohol is an especially favor- 
able condition for disulfide interchange. 
In addition to the previously mentioned 
experiments with ovalbumin (9), 
Straessle (/6) has reported that treat- 
ment of-human plasma mercaptalbumin 
with cold aqueous ethanol of more 
than 60 percent alcohol content by 
volume can cause partial conversion of 
the protein to a dimer, a reaction which 
does not occur with iodoacetamide- 
treated albumin under similar condi- 
tions. This sulfhydryl-initiated cross- 
linking reaction provides an explana- 
tion for the earlier observation of Cohn, 


Hughes, and Weare (17) that aggrega- 
tion of protein takes place during the 
methanol extraction of lipids from al- 
bumin. Recently, Rouser (78) has re- 
ported that nonprotein sulfhydryl com- 
pounds in plasma exert a marked in- 
fluence on the alcohol precipitation of 
the protein. On the addition of ethanol, 
plasma from normal individuals gives 
a coarse granular precipitate, whereas 
plasma low in cysteine, obtained from 
chronic lymphatic leukemia patients, as 
well as solutions of commercial human 
plasma albumin, give a fine, difficult- 
to-filter precipitate which is slowly 
transformed to the coarse granular type 
upon addition of small amounts of 
cysteine. 

The sulfhydryl-initiated transforma- 
tion of intramolecular disulfide bonds 
to intermolecular linkages with accom- 
panying gelation has been clearly dem- 
onstrated by Benesch and Benesch (J9), 
who used a model protein, thiolated 
gelatin. This substance is prepared by 
treatment of gelatin, which itself con- 
tains no sulfhydryl or disulfide groups, 
with N-acetylhomocysteine thiolactone. 
Oxidation of the thiolated protein with 
ferricyanide in dilute solution gives a 
protein with intramolecular disulfide 
linkages, as indicated by the lack of 
change in its viscosity and sedimenta- 
tion characteristics on oxidation. Treat- 
ment of a solution of the oxidized pro- 
tein with a trace of mercaptoethylamine 
causes an immediate transformation 
into a firm, heat-stable gel similar to 
that produced by oxidation of the thio- 
lated gelatin in concentrated solution 
where intermolecular disulfide bonds 
are formed directly. 

In a practical application of sulfhy- 
dryl-disulfide interchange, Arnold (20) 
has cross linked a monomolecular layer 
of fibrinogen to afford a semipermeable 
protein membrane for use in model cell 
membrane studies. A thin layer of 
fibrinogen in saline is floated carefully 
on an aqueous surface, and the addition 
of cysteine to the water effects two- 
dimensional cross linking of the pro- 
tein to form a stable film. 

A’ somewhat different protein phe 
nomenon considered to involve sulfhy- 
dryl-disulfide interchange is the long- 
range elasticity of wool. When a wool 
fiber is stretched in water by an amount 
greater than about 30 percent, irrevers- 
ible structural alterations take place 
which have been postulated to result 
from the rupture of disulfide linkages 
(21). Since the sulfhydryl content of 
wool was found to be unaltered by the 
stretching process, Burley (22) has sug- 


SCIENCE, VOL. 130 











ty, 


all 
tré 
la 





lan 
ilt- 











gested that stretching brings a sulfhy- 
dryl group into contact with a disulfide 
group whereupon interchange takes 
place to form a new disulfide linkage 
in a manner which relieves the me- 
chanical strain. In support of this ex- 
change mechanism, Burley observed 
that wool fibers with their sulfhydryl 
groups blocked by previous reaction 
with iodoacetamide or N-ethylmalei- 
mide stretch at a much slower rate and 
to a lesser extent than do untreated, 
sulfhydryl-containing fibers under the 
same conditions. Moreover, untreated 
fibers which stretch readily in water are 
resistant to stretching in 0.1N hydro- 
chloric acid, an environment unfavor- 
able for the sulfhydryl-disulfide reac- 
tion. 

Klotz and his coworkers (23) have 
studied the interaction between the 
sulfhydryl group of bovine plasma al- 
bumin and the  disulfide-containing 
dyestuff 2, 2’-(2-hydroxy-6-sulfonaph- 
thyl-l-azo)-diphenyl disulfide. In this 
case, only the first stage of the sulfhy- 
dryl-disulfide chain reaction appears to 
take place. To explain the stoichiometry 
observed, the authors propose a novel 
type of long-range intramolecular 
sulfhydryl-disulfide interchange in the 
albumin molecule, which involves elec- 
tron transport. by way of the hydration 
lattice of the protein. 

Two examples of reversible protein 
aggregation in the absence of denatur- 
ing agents have been ascribed to sulfhy- 
dryl-disulfide interchange. These are 
the association of soluble feather kera- 
tin, which takes place as the protein 
concentration is increased (24), and 
the dimerization of bovine plasma al- 
bumin, which occurs when the pH is 
lowered to 3.4 or below (25). These 
phenomena differ from those previously 
described not only in that they are 
manifest in the absence of conditions 
which disrupt the protein structure but 
also in that the aggregation appears to 
be freely reversible by such relatively 
mild manipulations as dilution or rais- 
ing of the pH to neutrality. Moreover, 
in the case of bovine plasma albumin, 
the aggregation is observed in a pH 
region where sulfhydryl-initiated disul- 
fide interchange ordinarily does not oc- 
cur. Although these examples may 
represent rather special cases of disul- 
fide exchange, it would seem advisable 
to consider the alternative possibility 
that some other type of sulfhydryl- 
dependent aggregation may be involved. 

It is now established that sulfhydryl 
groups can contribute to the association 
of protein units in ways other than 
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through disulfide bonds. In addition to 
the well-known dimerization of albumin 
by reaction of sulfhydryl groups with 
divalent mercury (26), it appears that 
the sulfhydryl group itself can interact 
with some other protein group or 
groups to form a stable but reversible 
linkage. Participation of sulfhydryl in 
a thiazoline structure, first proposed by 
Linderstrém-Lang and Jacobsen (27), 
has been demonstrated by Calvin (28) 
to exist under certain conditions in the 
peptide glutathione. Madsen and Cori 
(29) have observed a reversible, sulfhy- 
dryl-dependent aggregation of the en- 
zyme phosphorylase. Deutsch and Mor- 
ton (30) have reported an association 
of human serum macroglobulin units 
which appears to involve sulfur-contain- 
ing groups, and Lorand (3/7) has de- 
scribed a somewhat similar aggregation 
for the fibrin stabilizing factor of blood 
plasma. Finally, the existence of a 
stable but reversible intramolecular 
“sulfhydryl bond” has been proposed 
(32) to account for several rather un- 
usual properties of bovine plasma albu- 
min. Thus, the multiple possibilities for 
the role of sulfhydryl groups in linking 
protein units together should be borne 
in mind when one is_ considering 
sulfhydryl-dependent aggregation phe- 
nomena in protein systems. 


Peptide Reactions 


In the foregoing examples, protein 
disulfide groups appear to participate 
in interchange reactions under condi- 
tions of denaturation. No doubt most 
disulfide groups in native proteins are 
either hindered or otherwise unreactive 
(33), so that some disruption of pro- 
tein structure is necessary to make them 
available for reaction. Without this re- 
striction, disulfide exchange reactions 
could take place indiscriminately in 
physiological systems, and chaos would 
ensue in the living cell. In the case of 
simpler peptides and amino acids, how- 
ever, the disulfide groups are readily 
available, and interchange reactions 
often take place with amazing ease, 
even with peptides which contain no 
sulfhydryl groups as initiators. 

This fact was first reported by Sanger 
(34) after observations that an acid 
hydrolyzate of insulin may contain 
many more .-cystine peptides than can 
be accounted for by any unique struc- 
ture for the protein. In a subsequent 
study, Ryle and Sanger (35) demon- 
strated that disulfide interchange in pep- 
tide solutions at 37°C can take place 


either in neutral or in alkaline medium 
or else in strongly acid medium (7 to 
12N HCl1) with little or no exchange 
observed in moderately acid solutions. 
The former process is accelerated by 
an increase in pH or by the addition 
of mercaptans and inhibited by sulfhy- 
dryl-blocking reagents, whereas disulfide 
interchange in strongly acid solution is 
inhibited by added mercaptans. Cogni- 
zant of these facts, Sanger and his asso- 
ciates (36) were able to devise condi- 
tions for the hydrolysis of insulin so as 
to avoid disulfide interchange and the 
resulting artifacts among the peptides 
produced. 

Additional examples of disulfide ex- 
change reactions both in acidic and in 
alkaline media have been described by 
Schédberl and Grafje (37), who also 
found that illumination with ultraviolet 
light promotes disulfide interchange. 
Although the latter observation sug- 
gests the possibility of disulfide inter- 
change by a free radical mechanism, 
because of the pH dependence of the 
photochemically induced exchange, the 
authors consider it probable that the 
illumination in some way promotes the 
formation of mercaptide ions rather 
than initiating a free radical process. 

Ressler (38) has observed that on 
standing at room temperature in so- 
dium bicarbonate solution the cystine- 
containing peptide hormone oxytocin 
undergoes loss of biological activity 
accompanied by aggregation and de- 
creased solubility. This behavior is as- 
cribed to a disulfide interchange reac- 
tion which produces intermolecular di- 
sulfide linkages; the latter can be 
cleaved, and biological activity can be 
partially restored, by treatment of the 
inactivated hormone with cysteine, 
glutathione, or hydrogen sulfide. Since 
the inactivation takes place under the 
mild alkaline conditions ordinarily used 
for the preparation of dinitrophenyl 
derivatives of proteins and peptides, the 
need for caution is noted in the inter- 
pretation of results involving dinitro- 
phenyl derivatives of disulfide-contain- 
ing peptides. 


Reaction Mechanisms 


The sulfhydryl-initiated disulfide in- 
terchange illustrated in Fig. 1 undoubt- 
edly is analogous to the intermediate 
step in the reduction of simple disulfides 
by mercaptans, a reaction which has 
been studied extensively (39) and 
which is known to proceed by nucleo- 
philic attack of a mercaptide anion 
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(RS-) on the disulfide bond. Unless 
they are strongly influenced by other 
factors, such as changes in electrostatic 
repulsive forces between the charged 
protein molecules (J), disulfide inter- 
change reactions of this type would be 
expected to proceed at a more rapid 
rate as the pH, and thus the mercap- 
tide ion concentration, is increased. In 
the protein experiments discussed above 
in which comparisons have been made, 
an increase in pH has been found to 
enhance phenomena ascribed to the 
disulfide interchange reaction. 

In the case of peptides which contain 
no sulfhydryl groups, the disulfide inter- 
change reaction in neutral or alkaline 
solution appears to proceed by a similar 
mechanism, the initiating sulfhydryl 
group being produced by the hydrolysis 
of a disulfide bond (35). In strongly 
acid medium, on the other hand, disul- 
fide exchange takes place by a different 
mechanism, demonstrated recently by 
Benesch and Benesch (40) to involve 
electrophilic attack of a sulfenium 
cation (RS*) on the disulfide bond. 
Under the action of strong hydrochloric 
acid, the following reactions occur: 


R-S-S-R+HC1=—RSC1+RSH (1) 
RS®C19-+R’-S-S-R’2R-S-S-R’+R’SC1 (2) 


% 


The known reaction of mercaptans with 
sulfenyl chlorides (47) appears to be 
partially reversible, so that small 
amounts of sulfenyl chloride are 
formed from the disulfide (reaction 1). 
The sulfenyl chloride then reacts with 
a disulfide, in a manner also described 
by Moore and Porter (42), to form the 
mixed disulfide and to regenerate a new 
sulfenyl chloride which carries on the 
process (reaction 2). Marked enhance- 
ment of disulfide exchange is observed 
upon the addition of small amounts of 
sulfenyl chlorides or sulfenic acids 
(RSOH), which in strong acid can give 
rise to sulfenium ions, as well as of 
hydrogen peroxide, which reacts with 
disulfides to produce sulfenium ions. 
That the acid-catalyzed exchange is in- 
hibited by the addition of mercaptans 
is readily understandable, since the 
presence of these substances reverses 
reaction 1 and thus depletes the amount 
of sulfenyl chloride, the concentration 
of which is already rate-limiting. 


Physiological Processes 
The foregoing examples of disulfide 


interchange reactions are in vitro proc- 
esses which take place when a protein 
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or peptide is subjected to chemical or 
physical manipulation. Whether similar 
interchange reactions take place in vivo 
is a question of considerable interest, 
and there are now strong indications 
that sulfhydryl-initiated disulfide inter- 
change may play a role in certain im- 
portant physiological processes. 

One such phenomenon is the clotting 
of blood fibrinogen (43). It is well es- 
tablished by the work of Robbins (44) 
and of Lorand (45) that the fibrin clot 
formed from the action of thrombin on 
purified fibrinogen (fibrin-s) is different 
from the physiological clot obtained 
from the coagulation of blood or of 
recalcinated plasma (fibrin-i). Fibrin-s 
is soluble in 5M urea or in weak acid 
or alkali, whereas fibrin-i is insoluble 
in these reagents and also possesses 
much greater mechanical strength. The 
formation of the insoluble type of fibrin 
requires the presence both of calcium 
ions and of a nondialyzable, heat-labile 
substance present in blood plasma, 
known variously as Laki-Lorand (L-L) 
factor, fibrin-stabilizing factor (FSF), 
or urea-insolubility factor. The proper- 
ties of fibrin-i indicate that this clot 
possesses stable cross linkages not pres- 
ent in fibrin-s, whereas the fact that 
fibrin-i dissolves readily in a mixture 
of urea and thioglycolic acid (46) sug- 
gests that these additional cross linkages 
are disulfide bonds. 

The observation that small amounts 
of sulfhydryl-blocking reagents prevent 
the formation of urea-insoluble fibrin 
clots led Loewy and Edsall (47) to 
propose that fibrin-i is cross-linked by 
intermolecular disulfide bonds produced 
through a_ sulfhydryl-initiated inter- 
change of the disulfide groups of 
fibrin-s. With the subsequent isolation 
of the fibrin stabilizing factor in puri- 
fied form (31, 48-50), and the demon- 
stration that this substance contains 
from one (49) to two (50) equivalents 
of titratable sulfhydryl per 100,000 
grams of protein, sulfhydryl which is 
essential for FSF function, this factor 
would appear to possess the necessary 
qualifications to be an initiator of di- 
sulfide interchange. 

During the clotting process, sulfhy- 
dryl groups are produced whose reac- 
tivity appears to be considerably in- 
creased over that of the original FSF 
sulfhydryl (49). Inactivation of FSF 
by pretreatment with silver ions requires 
ten times the silver concentration neces- 
sary to prevent fibrin-i formation when 
the silver is present during the clotting 
process, whereas iodoacetamide will in- 
hibit fibrin-i formation but will not in- 


activate FSF on pretreatment. These 
observations of Loewy’s are reminiscent 
of Kolthoff’s (11, 12) studies on aggre- 
gated plasma albumin after guanidine 
hydrochloride treatment, and they are 
consistent with the involvement of a 
sulfhydryl-disulfide interchange mecha- 
nism in the formation of fibrin-i. 

Whether the sulfhydryl groups of 
FSF are the only such groups which 
can initiate the conversion of fibrin-s 
to fibrin-i is not certain. Earlier find- 
ings that simple mercaptans (47) or 
plasma albumin (5/) could promote 
this transformation have been attributed 
by Lorand and Jacobsen (52) to a re- 
generation of inactivated FSF tena- 
ciously bound to the protein employed, 
since, with their fibrinogen prepara- 
tions, neither cysteine nor plasma albu- 
min showed any FSF activity. How- 
ever, Loewy (49) has prepared fibrino- 
gen which by immunological criteria 
appears to be free of bound FSF, and 
preliminary experiments with this ma- 
terial indicate that simple mercaptans 
do show FSF activity when present in 
rather high concentration. Thus, further 
study is required before agreement can 
be reached as to the specificity of the 
FSF as the reaction initiator. In any 
case, the concept that FSF, augmented 
in some way by calcium ions, effects 
cross linking of fibrin molecules through 
a sulfhydryl-disulfide interchange reac- 
tion provides a reasonable explanation 
for the formation of the physiological 
fibrin-i clot. 

A second biological phenomenon 
which may involve sulfhydryl-disulfide 
interchange is that of cell division. It 
has long been known (53) that during 
mitosis the acid-soluble sulfhydryl 
(glutathione) content of the sea urchin 
egg exhibits a cyclical variation; it de- 
creases after fertilization, reaches a 
minimum at about the time of spindle 
formation, and returns to its original 
level prior to cleavage. After observa- 
tions that the protein sulfhydryl con- 
tent of the sea-urchin egg likewise 
varies, but with an inverse relationship 
to the variation of the glutathione level, 
and ‘also that the isolated mitotic ap- 
paratus is soluble in sodium thioglyco- 
late, Mazia (54) proposed that disul- 
fide bonds are important structural fea- 
tures of the mitotic apparatus and that 
the formation of this entity may involve 
the polymerization of small protein 
molecules through a glutathione-initi- 
ated disulfide interchange reaction. The 
construction of the mitotic apparatus 
is considered to involve both gelation 
of protein through intermolecular disul- 
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fide bond formation and orientation of 
the gel structure through secondary 
bond production; the orientation but 
not the gelation process is prevented by 
the mitotic inhibitor, colchicine (55). 
The participation of sulfhydryl groups 
in mitosis is further indicated by the 
reversible blockage of the mitotic cycle 
of sea-urchin eggs by the addition of 
small amounts of mercaptoethanol 
(56), whereas the ability of mercapto- 
ethanol to induce twin formation, when 
present during a particular stage of the 
cleavage cycle of Dendraster eggs, sug- 
gests that the simple mercaptan com- 
petes with protein sulfhydryl groups in 
the formation of disulfide bonds in- 
volved in interblastomere linkages (57). 
Although many details of the complex 
physiological process of mitosis remain 
to be elucidated, the intriguing sugges- 
tion that sulfhydryl-disulfide inter- 
change plays an important role affords 
a promising approach for further inves- 
tigation. 

Eldjarn and Pihl (58) have reported 
that cystamine and cysteamine adminis- 
tered to a mouse rapidly become in- 
corporated into the blood proteins, 
apparently by a_ sulfhydryl-disulfide 
exchange. This finding suggests that 
disulfide interchange reactions with 
body constituents may be intimately 
concerned with the protective action of 
these sulfur compounds against ioniz- 
ing radiation. 

Whether sulfhydryl-disulfide inter- 
change plays a role in other biological 
phenomena remains to be investigated, 
although certain additional suggestions 
along these lines have been put for- 
ward. In view of the previously men- 
tioned inactivation and reactivation of 
oxytocin, presumably by a disulfide ex- 
change mechanism, Ressler (38) has 
suggested the possibility that disulfide- 
containing peptide hormones, such as 
oxytocin and vasopressin, may exist 
physiologically in an inactive form, with 
activation taking place at appropriate 
sites under the influence of sulfhydryl 
compounds such as glutathione. After 
observations of what appears to be a 
long-range intramolecular sulfhydryl- 
disulfide interchange in bovine plasma 
albumin mediated through the bound 
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water lattice, Klotz (23) pointed out 
that such a mechanism could furnish a 
means of electron transport in oxida- 
tion-reduction reactions involving sulf- 
hydryl enzymes, especially in systems 
which appear to transfer energy over a 
distance. Other processes in which the 
possibility of disulfide interchange 
should be considered include the pro- 
duction of keratin and the formation 
of such physiological protein gels as 
the mitachondrial framework or the lens 
of the eye. Disulfide linkages are rela- 
tively abundant in most protein mole- 
cules, whereas sulfhydryl and disulfide 
are potentially among the most reactive 
of the protein functional groupings, 
although, as was pointed out above, 
their reactivity ordinarily is more or 
less restricted by the characteristic 
structure of the protein molecule. It is 
not unreasonable to consider that the 
physiological initiation and control of 
many important processes in living or- 
ganisms may depend on factors which 
establish and regulate conditions under 
which interaction between protein sulf- 
hydryl and disulfide groups can take 
place. 
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Science in the News 


Soviet Scientific Information System 
Held To Be Much Like Ours in 
Structure and Operation 


The scientists, engineers, and ad- 
ministrators who have to cope with the 
problems of distributing to their col- 
leagues the published work of re- 
searchers in their own and other coun- 
tries often cite the Soviet Union as the 
nation where this problem is_ best 
handled. One national center, well- 
staffed and solidly financed, does the job 
there, they say, of translating, abstract- 
ing, and distributing published scientific 
reports and papers both from within the 
country and from without. It has been 
Suggested that we might profitably 
imitate this approach. 

But reports from recently returned 
visitors to the Soviet Union and Poland 
indicate that the “approach” is chang- 
ing, and that if we were to imitate it as 
it is today, we would, in effect, be 
imitating ourselves. There is not just 
one center, but a complex system, 
these reports indicate, and the general 
trend in the system is toward greater 
decentralization, with more emphasis 
placed on regional sub-units than on 
national centers. The methods of dis- 
tributing reports on domestic and 
foreign research are far from perfect, 
the visitors report, and there is frequent 
criticism, both in scientific journals and 
during national and international meet- 
ings. Mechanical means of speeding up 
distribution are, in many cases, not even 
in the blueprint stage. 

These points and others, which ex- 
perts in the United States had guessed, 
were confirmed during the 25th confer- 
ence of the International Federation for 
Documentation held in Warsaw in Sep- 
tember. Burton W. Adkinson, a U.S. 
delegate to the conference and head of 
the Office of Scientific Information 
Service of the National Science Founda- 
tion, took the occasion to question the 
Soviet delegates on matters concerning 
the changing scientific information sys- 
tem in their country. He based his ques- 
tions on information that had been 
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gathered by his Washington staff and 
on material supplied by delegates from 
some of the satellite countries. 


State Committee in Control 


The informal conversations between 
Adkinson and the Soviet representatives 
brought out the fact that the All-Union 
Institute of Scientific and Technical In- 
formation, which is generally regarded 
in this country as the one central or- 
ganization for distribution of published 
scientific information, is just one of 
the units of a larger structure and not 
the most important or influential. The 
larger unit, the State Committee for 
Science and Technology, both directs the 
All-Union Institute and maintains its 
own information office, which accord- 
ing to reports has the more significant 
role. This office, the Department of 
Scientific and Technical Information, 
under the direction of Oleg A. Mikhai- 
lov, has responsibility for all of the 
scientific and technical information 
centers for industry. This responsi- 
bility, when viewed in relation to other 
political and economic developments 
in the Soviet Union, explains the new 
and growing influence of Mikhailov’s 
department. 

Briefly, these developments are as 
follows. A reorganization, begun in 
May 1957, of Soviet industry trans- 
ferred control of the industries from 
the various ministries to regional 
groups. As a consequence, the scien- 
tific and technical information system 
which had served the industries had to 
be decentralized. The change in or- 
ganizational structure did not affect 
the technical information services 
alone, because much basic research has 
always been conducted in industrial 
laboratories. These decentralized indus- 
tries, scattered widely throughout the 
U.S.S.R., needed some means of keep- 
ing their scientists and engineers 
abreast of new developments. The co- 
ordination of these information centers 
was given to Mikhailov’s department. 

Because of this responsibility for all 
of the regional industrial centers, and 


= 


because of the scientific work done in — 


them, the department has outstripped 
the All-Union Institute as a center for 
processing scientific information. There 
are, Adkinson reports, many indica- 
tions of the changing roles of the State 
Committee vis-a-vis the All-Union In- 
stitute. Most translation of foreign 
journals, for example, is no longer done 
at the institute. Only one of the scien- 
tific review series is published by the in- 
stitute. Research in methods of mecha- 
nized information-processing is being 
carried on largely in universities, not 
at the institute. Recently the institute 
has been given the job of publishing a 
number of new abstract journals deal- 
ing with the fields of transportation, 
public health, mining, and construction. 
These facts are viewed by observers as 
evidence that applied science and tech- 
nology are being given the greater em- 
phasis, and that Mikhailov’s department 
is benefiting. 


Similarity to U.S. Pattern 


The end effect of the changes now 
taking place in the Soviet Union, Ad- 
kinson and other observers suggest, is 
that the Russian researcher learns about 
the work of others in his field in much 
the same way that his American coun- 
terpart does. Each industry has a center 
from which he can receive abstracts 
of relevant papers. This large center 
supports smaller centers in the indi- 
vidual factory. These regional units 
offer abstracting, translation, and ex- 
tracting services as well as literature 
searching and bibliographic _ service, 
and all provide regular library service. 
New journals are started as they are 
needed, and they are staffed by men 
directly involved in the field of science 
concerned. Academy or institute author- 
ization is almost always required before 
publication of a new journal is under- 
taken. 

According to very recent reports, 
the “give-away” period, during which 
Soviet scientists and engineers could 
receive translations and abstracts for a 
nominal fee or free of charge, is now 
coming to an end. Soviet scientific-in- 
formation practices are becoming 
“very Western,” one recent visitor re- 
ports. One major difference does re- 
main. The system of professional jour- 
nals, abstracting services, and society 
publications used in this country de- 
veloped from the needs of the sciences 
and technologies concerned. It is part 
of the pattern of private enterprise. The 
Soviet system is state directed and 
closely tied to national planning. 

Visitors to the Soviet Union report 
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that if one is interested in gaining in- 
formation from Soviet officials, the best 
approach is to ask, not how things 
work, but, rather, whether this is the 
way things work. If the questioner can 
show an Official that he is fairly well 
informed, he has a better chance of 
getting an answer. If the reports are 
correct, American scientists attempting, 
for example, to arrange an exchange of 
scientific publications might well take 
advantage of the new system for han- 
dling scientific information in the 
U.S.S.R. 





Cooper Union’s Second Century 


The 100th anniversary of The Coop- 
er Union for the Advancement of 
Science and Art in New York was 
celebrated on 2 November. Delegates 
of about 300 educational institutions 
and societies marched in the academic 
procession that opened the centennial 
observance. 

In the course of sessions on “New 
Values in Science, Art, and Society,” 
Laurence M. Gould, geologist and 
president of Carleton College, spoke on 
“Education and Society,” and Sir Ken- 
neth ‘Clark, art critic and historian and 
chairman of the Arts Council of Great 
Britain, discussed “Art and Society.” 
Two recipients of Nobel Prizes shared 
an afternoon session devoted to “Sci- 
ence and Society.” They were Sir John 
Cockcroft, physicist member of the 
United Kingdom Atomic Energy Au- 
thority and master designate of the 
new Churchill College of Cambridge 
University, and Harold C. Urey, pro- 
fessor-at-large of chemistry at the Uni- 
versity of California, La Jolla. 


Cooper Union is the oldest tuition- 
free, private educational institution in 
the United States. It consists of a day 
and evening school of engineering, a 
day and evening school of art and 
architecture, an adult education divi- 
sion, a museum for the arts of decora- 
tion, and a library. 

The Union’s undergraduate schools 
of engineering and art are open to all 
residents of the United States, regard- 
less of race, religion, or sex, who quali- 
fy in the competition for admission. 
Talent and intellectual ability are the 
basic requirements for entrance. Of the 
1597 applicants tested in 1958, 396 
were accepted; this brought the current 
enrollment to 1300. 

Since its founding, Cooper Union 
has offered free public lectures and 
programs. Its evening forums attract 
audiences of about 1000 people, three 
times a week. 


History 


Cooper Union was founded by Peter 
Cooper (1791-1883), builder of “Tom 
Thumb,” the first American locomo- 
tive; sponsor, with Cyrus Field, of the 
laying of the Atlantic cable; and iron- 
master who fabricated the iron beam 
which made possible construction of 
the skyscraper. He was perhaps the 
first wealthy man to maintain, and sup- 
port by action, the tenet that wealth is 
a trust to be used for the benefit of 
the public. In starting the school, his 
purpose was: 

“To provide regular courses of in- 
struction at night free to all who shall 
attend the same on the application of 
science to the useful occupations of 
life, and on such other branches of 


knowledge as will tend to improve and 
elevate the working classes of the City 
of New York. 

“To provide and maintain a school 
for the instruction of respectable fe- 
males in the arts of design and to af- 
ford to respectable females instruc- 
tion in such other art or trade as will 
tend to furnish them suitable employ- 
ment.” 

When evening classes began on 7 
November 1859, 2000 men and women, 
each armed with a certificate of “good 
moral character,” then the only require- 
ment ‘for entrance, presented them- 
selves for instruction in mathematics, 
chemistry, mechanical philosophy, ar- 
chitectural drawing, free-hand drawing, 
and vocal music. Historian Allan Nev- 
ins says Cooper Union was the “first 
great experiment in adult education in 
this country . . . It was also the first 
great trade school for women in 
America.” 

The contrast between the Cooper 
Union of 1859 and that of today is 
spectacular. In 1859 the faculty num- 
bered 20 teachers, as against 160 now. 
The first annual budget was about 
$35,000; today’s budget is about $1,- 
750,000. A century ago, when a col- 
lege education was for the few, Cooper 
Union offered a modest education for 
the many. Today, with more than 3 
million Americans in colleges, Cooper 
Union’s role has changed to that of 
giving, insofar as it is financially able 
to do so, the best possible professional 
education without cost to the selected 
few who prove themselves best able 
to use it. 

In connection with its centennial ob- 
servance, which will continue through 





Three scientists who participated in Cooper Union’s 100th anniversary convocation: (left to right) Laurence M. Gould, geologist and 
president of Carleton College; Harold Urey, professor-at-large of chemistry at the University of California, La Jolla; and Sir John 
Cockcroft, physicist member of the United Kingdom Atomic Energy Authority. 
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the academic year of 1959-60, the 
Cooper Union has started a develop- 
ment program, of which the first step 
is the construction of a new building 
for the School of Engineering. The 
structure is now well under way and is 
expected to be occupied during the 
coming year. Its completion will pave 
the way for renovation of the present 
buildings and for expansion of the 
Art School’s curricula to full degree- 
granting status. 





Jodrell Bank Radio Telescope 
Controlled by Computers 


The towering structural splendor of 
Manchester University’s radio telescope 
at Jodrell Bank, England, which in its 
first months of operation earned an in- 
ternational reputation in satellite track- 
ing, has to some extent obscured a re- 
markable electronic engineering achieve- 
ment—the precise mechanical control 
of the 2000-ton rotating aerial. To ap- 
preciate the extent of this achievement, 
it is necessary to be aware of the really 





great size of the Jodrell Bank equip- 
ment. The parabolic reflecting bowl, a 
“dish” of steel plates 250 feet in diam- 
eter and weighing nearly 800 tons, can 
be tilted to any angle to control the 
elevation of shoot of the aerial. It can 
even be turned upside down to change 
the aerial. 

The paraboloid is pivoted between 
two steel towers, each rising 180 feet 
from a system of deep-trussed girders 
not unlike railway bridges. All this ar- 
ray of steel is supported on bogies that 
travel on a circular railway track 352 
feet in diameter; these allow the struc- 
ture to be steered in azimuth. The 2000 
tons of hardware can be rotated and the 
bowl can be rocked to aim the aerial 
with an accuracy in each coordinate of 
better than 12 minutes of arc. That fig- 
ure is the required accuracy, but in fact, 
in reasonable weather an accuracy of 3 
or 4 minutes of arc can be achieved. 


Change in Design 


Initially it had been planned to make 
the reflector of wire mesh stretched 
over a system of tangential supporting 


members; this would have given a devi- 
ation from the true paraboloid of sever- 
al inches. At short wavelengths—in the 
region of 1 meter—an error of this 
magnitude would have resulted in con- 
siderable loss of signal, so it was de- 
cided to change the design and to form 
the bowl of individually shaped and 
welded steel plates. This, of course, 
made a big difference in the weight and 
windage of the bowl and necessitated 
a major redesign of some parts of the 
structure. 

The electronic problem was that of 
providing a driving system sufficiently 
powerful to move the telescope in azi- 
muth and elevation under all but the 
most severe wind conditions and a 
method of controlling this driving 
source so that the telescope could auto- 
matically follow any point in space, ir- 
respective of the rotation of the earth 
and its movement round the sun. Two 
identical closed-loop servomechanisms 
are used; each must control four vari- 
able-speed direct-current motors of 50 
horsepower each, operating within a 
speed range of 10 to 1000 revolutions 
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Control desk of the Jodrell Bank radio telescope. 
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per minute, by Ward Leonard voltage 
control; an additional speed range of 
from 1000 to 1500 revolutions per min- 
ute can be obtained by weakening the 
motor field. 

The coordinated movement in azi- 
muth (about a vertical axis) and eleva- 
tion (about a horizontal axis) is con- 
trolled by signals from an analog com- 
puter. The small signals from the 
computer require amplification at ratios 
up to 30 million to 1, achieved in the 
main by direct-coupled amplifiers. 

Obviously the design and develop- 
ment of the control machinery at Jod- 
reli Bank was a major task. Require- 
ments were set by the Manchester 
University staff, under A. C. B. Lovell, 
and the resulting instrumentation, in- 
volving new techniques in electronic 
and mechanical engineering, was the 
responsibility of Herman Lindars, man- 
aging director of the firm that carried 
out the work, Dunford and Elliott 
(Sheffield) Ltd. The Brush Electrical 
Engineering Company Ltd. was respon- 
sible for the manufacture of the ma- 
chines, motor-control gear, and reduc- 
tion gear that provide the physical 
motive power for the telescope. 


_ Basic Facilities 


The remote control of the telescope 
gives it these basic facilities: 

1) It can be locked in any given 
azimuth and elevation. 

2) It is capable of continuous motion 
in azimuth with fixed elevation; or in 
elevation with fixed azimuth, at any re- 
quired rate. 

3) By coordinating azimuth, eleva- 
tion, and time, the telescope can be 
given sidereal motion for following any 
particular star. 

4) It can be set on a predetermined 
program of search in which it can be 
left to sweep methodically a given area 
of the sky. 

The computer controlling the elec- 
tronic-mechanical “engines” which give 
movement to the telescope is a complex 
one. While the telescope is capable of 
movement in only two basic coordinates, 
to follow a star it is necessary to set up 
the control in its fixed coordinates, right 
ascension and declination, and the com- 
puter must be capable of translating 
these into the physical voltage changes 
that control the driving motors. In or- 
der for the telescope to scan across or 
along the Milky Way, another set of 
coordinates, galactic latitude and longi- 
tude must be employed. Again, it is 
sometimes necessary to scan in azimuth 
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and elevation and at the same time to 
read off the positions either in right 
ascension and declination or in galactic 
latitude and longitude—or both. The 
computer, therefore, must be capable 
of solving, instantaneously and continu- 
ously, fundamental equations of spher- 
ical trigonometry. 

The computer consists of an elec- 
trical analog in which magslip resolvers 
solve the equations by giving output 
signals proportional to the sine and co- 
sine of the angle through which their 
rotors are turned. Excitation of the 
stator windings is given through feed- 
back amplifiers deriving the feedback 
voltage from auxiliary stator windings. 
High-gain, two-stage resistance-capaci- 
tance-coupled amplifiers obviate non- 
linearity in output due to electrical 
losses and unwanted flux. 


No Single Equation 


There is no single equation that can 
be used for control over all parts of the 
sky. This difficulty is overcome by using 
14 different equations in the computer. 
Cams on the shafts of the resolvers au- 
tomatically switch in the appropriate 
equations according to the position in 
the sky of the target. Seven of these 
equations are used for calculating azi- 
muth and elevation from hour angle 
and declination (and vice versa), and 
another seven serve for calculating lati- 
tude and longitude from right ascension 
and declination. 

An additional elevation resolver, set 
by a calibrated potentiometer on the 
control desk, is used to correct for paral- 
lax error arising when a body near the 
earth, such as the moon, is observed. 
The equations for distant targets are 
computed on the assumpiion that the 
viewer is at the center of the earth, 
while, of course, the telescope is mount- 


‘ed at the ‘earth’s periphery. Parallax 
correction is therefore needed when the. 


viewer is working, as it were, “close 
up ” 


Similarity to Television Scanning 


When the telescope is required to 
scan a given area, a “target arc” is se- 
lected. As each lateral sweep is com- 
pleted a pulse can be provided to de- 
press or elevate the arc of scan by a 
given amount, so that a scanning raster 
is built up; this is faintly similar to the 
technique of television scanning, except 
that the direction of sweep is reversed 
for each successive line. The raster can 
be arranged in vertical or horizontal 
scan and control is fully automatic. The 


coordinates of the scan can be coupled 
to a time control that will shift the com- 
plete raster in accordance with sidereal 
time. 

In all movements of the telescope, in- 
dicator dials show at the control desk 
the position in which the aerial is firing. 
Dials indicate degrees and minutes of 
arc and hours, minutes, and seconds of 
time. Other dials show sidereal time, 
universal time, and the repeated-back 
positions in azimuth and elevation of 
the telescope itself. This information is 
given with an accuracy of better than 1 
minute of arc. 

Sidereal time is obtained by a syn- 
chronous motor which is controlled by 
a regenerative oscillator driving through 
a power amplifier. The speed of this 
motor is compared every 30 seconds 
with a pendulum-driven master clock 
and the motor is driven at a rate very 
slightly faster than the required sidereal 
time would call for. If at the time of 
the 30-second check the motor-driven 
clock is in advance of the master clock, 
a capacitor is switched across the input 
to V.1, reducing the oscillator frequen- 
cy and the speed of the sidereal motor 
to bring the clocks back into coinci- 
dence. 

J. StusBs WALKER 
Sunday Graphic, London, England 





Neurology Federation Opens Office: 
Neurochemistry Commission Formed 


The World Federation of Neurology, 
which was founded only about 2 years 
ago, now has a permanent secretariat at 
59, rue Philippe Williot, Berchem— 
Antwerp, Belgium, and a_ full-time 
medical executive officer, Charles M. 
Poser, who is on leave from the Uni- 
versity of Kansas. The WFN serves as 
an information center for world neurol- 
ogy. Its present plans include encour- 
agement of international collaborative 
studies of neurologic and sensory dis- 
orders and establishment of a clearing- 
house of information to promote ex- 
change professorships, lectures, and 
consultancies. 

The organization also expects to serve 
as a focal point for the development of 
scientific registers and repositories of 
pathologic specimens. and _ scientific 
literature. Still other projects include the 
publication of a world directory of 
neurologists and neurologic scientists, 
preparation of a dictionary of neurologic 
drugs and poisons, compilation of lists 
of neurologic journals throughout the 
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world, and the maintenance of an up- 
to-date calendar of national and inter- 
national neurologic meetings. 

The federation is composed of na- 
tional neurological societies in about 40 
countries, which together have approxi- 


mately 10,000 members. Ludo van 
Bogaert of the Institut Bunge, Antwerp, 
is president of the new organization. 
The other officers are as follows: vice 
presidents, Macdonald Critchley (Great 
Britain) and August Tournay (France); 
secretary-treasurer general, Pearce 
Bailey (United States); and chairman of 
the Committee ‘on the Constitution and 
Bylaws, G. Schaltenbrand (Germany). 


Problem Commissions Formed 


The WEN has organized several prob- 
lem commissions to review and evaluate 
the status of research and research op- 
portunities in specialized areas. These 
commissions will also study the efficacy 
of international pooling of scientific 
talent and facilities for a more effective 
approach to a given research problem. 
Ten commissions have already been 
founded, in the following areas: neuro- 
pathology, neurochemistry, comparative 
neuroanatomy, history of neurology, 
tropical neurology, child neurology, and 
neuroanesthesia. 

The Neurochemistry Commission is 
the most recently formed. It met for the 
first time 29-30 September in Antwerp. 
Those present were Derek Richter, John 
Cumings, and Everson Pearse (Eng- 
land); Armand Lowenthal (Belgium); 
Lars Svennerholm and Gunnar Brante 
(Sweden); Hans Bauer (Germany); 
George Edgar (Netherlands); Saul 
Korey, Jordi Folch-Pi, and Wallace 
Tourtelotte (U.S.); Judah Quastel (Can- 
ada); and Ludo van Bogaert and Charles 
M. Poser (ex-officio). 





Biological Sciences Curriculum 
Study Formed 


The Biological Sciences Curriculum 
Study, which has headquarters at the 
University of Colorado, was recently 
organized by the American Institute 
of Biological Sciences, with support 
from the National Science Foundation, 
to make a broad study of education in 
the biological sciences at all levels of 
instruction from elementary grades 
through the university. In the initial 
phases of the work, attention will be 
focused on the secondary school, per- 
haps the pivotal area in American edu- 
cation today. 
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The major objectives of the study 
group, which is made up essentially of 
an autonomous body of biologists and 
educators, is to design a coordinated 
and modern life-sciences curriculum; 
to recommend a sequence of courses 
in other subjects of study; and to ex- 
plore the possibility of designing spe- 
cial courses for exceptional students 
at all levels. Projects are already being 
carried out by committees that have 
been formed in the following areas: 
course content, innovations in  lab- 
oratory instruction, teacher prepara- 
tion, publications, and the gifted stu- 
dent. 

Consultants for the curriculum study 
are engaged in assembling case-his- 
tories of a representative group of 
teachers who are generally recognized 
to be exceptionally effective, to deter- 
mine what factors made them successful 
and to discover any common denomi- 
nator. The consultants are also pre- 
paring a digest of published informa- 
tion on biological science education. In 
addition, a number of units of course 
material in biology, teachers’ manuals, 
and laboratory exercises that were pre- 
pared during team-coordinated summer 
writing conferences will be tested and 
revised for publication. As an aid to 
in-service teachers, to students, and to 
laymen interested in biological science, 
a series of review pamphlets will be is- 
sued. A newsletter on the activities of 
the Biological Sciences Curriculum 
Study may be obtained by writing to 
The Director, BSCS, University of Col- 
orado, Boulder. 


Science Equipment Purchase Guide 


School officials, teachers, and con- 
sultants in elementary and secondary 
schools will find valuable information 
and direction in the Purchase Guide for 
Programs in Science, Mathematics, and 
Modern Foreign Languages, recently 
published by the Council of Chief State 
School Officers. The 336-page volume 
contains descriptions of approximately 
1000 items of equipment used for in- 
struction in elementary science, mathe- 
matics, general science, modern foreign 
languages, biology, chemistry, and phys- 
ics. Each description includes an item 
number, the accepted name of the 
equipment, a short statement about its 
possible uses in instruction, and brief 
specifications as to function, which as- 
sist the purchaser in making a selection 
from among various commercial offer- 


ings. A “coding” is also provided for 
each item to suggest the areas of instruc- 
tion and the type of course—basic, 
standard, or advanced—in which the 
item will be found useful. 

Lists of equipment for each of the 
subjects covered are included in the 
book to assist purchasers in reviewing 
their present stocks of equipment. The 
book also contains “guidelines,” short 
essays on special problems of instruc- 
tion, and a select list of books and films 
for each area. 

Edgar Fuller, executive secretary of 
the council, assisted by a seven-member 
advisory committee, was in charge of 
the project. The Educational Facilities 
Laboratories, Inc., provided a major 
share of the funds. 

The Purchase Guide may be obtained 
for $3.95 from Ginn and Company, 
Statler Building, Boston 17, Mass. 


Plant Material Exchange Program 
Reopened between U.S. and U.S.S.R. 


A program for the exchange of plant 
research materials between the U.S. and 
the U.S.S.R. has been reactivated this 
year after 15 years in which there was 
no official exchange, according to the 
U.S. Department of Agriculture. The 
program was revived at the instigation 
of plant breeders in both countries, some 
of whom have participated in exchange 
visits. International exchange of plant 
materials was begun in 1898 by USDA’s 
Plant Introduction Section, but ex- 
change with Soviet Russia was discon- 
tinued about 1944, 

Cooperative exchange of new and 
indigenous varieties of plants between 
the United States and the U.S.S.R. has 
proved to be highly beneficial to both 
countries because of similarities in 
climate, agricultural interests, and crop 
problems. Before 1944, U.S. plant 
breeders received several important 
types of grasses and alfalfa from Russia; 
from U.S. contributions under the pro- 
gram, Russia now raises 10 million acres 
of sunflowers of American origin—a 
major source of vegetable oil in that 
country. 

Since last March, 577 shipments of 
forage (grass, legume), oilseed, and 
small-grain and cereal-crop seeds have 
been exchanged. Future exchanges this 
year will include tobacco stock and 
varieties of fruit, according to H. L. 
Hyland, supervisor of the exchange pro- 
gram in the United States and head of 
the Plant Introduction Section of 
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USDA’s Agricultural Research Service. 

Requests for foreign plant materials 
by U.S. research agencies and corre- 
sponding requests for U.S. seed from 
abroad are cleared at USDA’s Plant In- 
dustry Station, Beltsville, Md. In the 
U.S.S.R., all exchange of seed is through 
the All-Union Institute of Plant In- 
dustry, Leningrad. 


Bibliography Service for 
Biological Photography 


The Medical Group of the Royal 
Photographic Society of Great Britain 
has announced the establishment of a 
bibliography service for papers on 
photographic techniques with applica- 
tions in the medical and_ biological 
sciences. Such papers are published in 
a very large number of journals, and 
it is therefore difficult to use the exist- 
ing literature for solving both theoreti- 
cal and practical problems. 

The bibliography consists of punch 
cards, each of which carries an abstract 
of an original article. Almost 400 new 
cards are added annually. The present 
total of such classified abstracts is more 
than 2000. The cards are grouped under 
“Kinematography,” 
“Administration,” and “Microscopy” 
before they are subdivided further. The 
librarian is therefore able to cite refer- 
ences of papers which have a bearing 
on any problem concerned with photog- 
raphy in medicine or biology. 

The service is extended, free of 
charge, to all bona fide inquirers. De- 
tailed requests for references to the lit- 
erature should be addressed to: J. A. 
Fairfax-Fozzard, School of Anatomy, 
University, Cambridge, Great Britain. 


Grants, Fellowships, and Awards 


- Atomic energy. The Atomic Energy 


Commission is accepting applications 


for 237 graduate fellowships for 1960- 
61 in nuclear science and engineering, 
health physics, and industrial hygiene. 
All 237 are for U.S. citizens. Informa- 
tion about the three programs may be 
obtained from the Fellowship Office, 
University Relations Division, Oak 
Ridge Institute of Nuclear Studies, 
P.O. Box 117, Oak Ridge, Tenn. A de- 
scription of each program follows. 

1) Nuclear science and engineering: 
150 fellowships are available for first, 
intermediate, and final years of gradu- 
ate school. The prerequisites are a 
bachelor’s degree in engineering or 
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“Photography,” 


physical science, and mathematics 
through differential equations. The fel- 
lowships are for 12 months of study at 
49 participating universities. The basic 
stipend is $1800 for the first year, $2000 
for the intermediate year, and $2200 
for the final year, with additional al- 
lowances for dependents. The fellow- 
ships are awarded on a 1-year basis, 
but renewals are available. The dead- 
line for filing aplications is 1 January 
1960. 

2) Health physics: 75 fellowships, 
five leading to the Ph.D. degree and 70 
for 1 year of graduate study, are being 
offered in this program. The five fellow- 
ships for advanced training in health 
physics, leading to a doctorate in disci- 
plines closely related to health protec- 
tion, will be available each year. Appli- 
cants must be actively engaged in 
health-physics work and have a mini- 
mum of 2 years of productive experi- 
ence in the field. Fellows may choose 
their graduate school, subject to the 
concurrence of the ORINS Fellowship 
Board. The stipend is $4000 per year 
plus $400 for each dependent. Up to 
$2500 per year is allowed to the gradu- 
ate school selected, to cover tuition and 
extraordinary costs. The deadline for 
applications is 1 February 1960. 

To be eligible for any of the other 70 
fellowships, the applicant must have a 
bachelor degree in biology, chemistry, 
engineering, or physics, with adequate 
preparation in related fields, and must 
have completed mathematics through 
calculus. Participants must be under age 
35. These fellowships provide for an 
academic year of formal work at an 
assigned university, followed by three 
summer months of training at an AEC 
installation. Participating institutions 
are Harvard and Vanderbilt and the 
universities of California, Kansas, 
Michigan, Rochester, and Washington. 
Commission installations cooperating 


in the program are Argonne, Brook- ‘ 


haven, and Oak Ridge national labora- 
tories, Lawrence Radiation Laboratory, 
National Reactor Testing Station, and 
Hanford Atomic Products Operation. A 
limited number of extensions are avail- 
able for additional work to complete 
the master’s degree. The stipend is 
$2500 for 12 months, with an addi- 
tional allowance for dependents. The 
deadline for applications is 7 February 
1960. 

3) Industrial hygiene: 12 fellowships 
are available in this program, which 
Jeads to the master’s degree. An appli- 
cant must be under 35 years of age and 
must have a bachelor’s degree, with a 


major in physics, chemistry, or engi- 
neering. Additional academic training 
or industrial experience is desirable. The 
fellowship is for one academic year, 
and the stipend is $2500. There are 
additional allowances for dependents 
and for industrial experience. The par- 
ticipating institutions are Harvard and 
the universities of Cincinnati, Michigan, 
and Pittsburgh. The deadline for appli- 
cations is 1 March 1960. 

Biological sciences. Applications are 
invited for the third annual Turtox 
Scholarship established by General Bio- 
logical Supply House, Inc. The $5000 
award is open to any U.S. citizen who 
is currently, or who has been, enrolled 
in a graduate school and who is, or is 
contemplating, continuing study for the 
doctorate degree in botany, zoology, or 
biology. The award will be based upon 
evidence bearing upon the promise of 
the applicant as a prospective teacher 
and research scholar. Application 
blanks may be obtained from the chair- 
man of the award committee, Professor 
Frank A. Brown, Jr., Department of 
Biological Sciences, Northwestern Uni- 
versity, Evanston, Ill. Completed forms 
must be returned by / February 1960. 

General Atomic. The Oak Ridge In- 
stitute of Nuclear Studies has issued a 
24-page illustrated brochure describing 
the research-participation opportunities 
for college and university faculty mem- 
bers that exist at Oak Ridge. This pro- 
gram provides faculty members with 
appointments of from 3 months to a 
year on research staffs of Oak Ridge 
laboratories. The laboratories in which 
research opportunities exist touch vir- 
tually every field of scientific endeavor. 
Copies of the new brochure and appli- 
cation blanks are available from the 
ORINS University Relations Division, 
P.O. Box 117, Oak Ridge, Tenn. Appli- 
cations for summer appointments (of 3 
months’ minimum duration) should be 
submitted to ORINS, with letters of 
recommendation, by 15 December. 

Physics. The Organization of Ameri- 
can States and the National Atomic 
Energy Commission of Argentina have 
announced cosponsorship of an 8-week 
Summer Institute of Physics to be held 
at San Carlos de Bariloche, Argentina, 
beginning about 18 January 1960. The 
major purpose of the institute is to give 
intensive graduate-level training in solid- 
state physics, nuclear physics, and elec- 
tronics to university physics professors 
and instructors throughout the hemi- 
sphere. 

Approximately 15 fellowships, which 
will provide funds for international 
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travel, housing, subsistence, and other 
expenses incident to the course, will be 
awarded by the Organization of Amer- 
ican States in accordance with recom- 
mendations of a special selection com- 
mittee. Applicants must possess at least 
the equivalent of a B.S. degree in phys- 
ics and have an excellent command 
of the Spanish language. Preference 
will be given to candidates engaged 
in university teaching, training, or re- 
search. 

Instruction. will be given by the staff 
of the permanent Institute of Physics of 
San Carlos de Bariloche and by visiting 
professors from leading universities 
throughout the hemisphere. Director of 
the institute is Jorge Sabato, who is 
also director of the Division of Metal- 
lurgy of the Argentine National Atomic 
Energy Commission and a professor of 
physics at the University of Buenos 
Aires. 

Interested individuals may send a 
resume of their education and expe- 
rience to Dr. Jesse D. Perkinson, Di- 
vision of Science Development, Pan 
American Union, Washington, D.C. 
Resumes must be received on or before 
4 December. 


News Briefs 


The National Science Foundation has 
announced the award of grants totaling 
about $9.2 million to 33 colleges and 
universities to support Academic Year 
Institutes for science and mathematics 
teachers. This will be the fifth year of 
this program, which was organized to 
help teachers increase their knowledge 
in their subject areas through a year of 
advanced study on a full-time basis. Ap- 
proximately 1600 experienced teachers 
will be enrolled in the institutes in the 
1960-61 academic year; of these the 
great majority will be secondary-school 
teachers. In 4 years, 3400 science and 
mathematics teachers have participated 
in the institutes. 

ae * a 

A scientific conference on disposal of 
radioactive wastes resulting from the 
peaceful uses of atomic energy will be 
held at the Oceanographic Museum in 
Monaco from 16 to 21 November. The 
conference will be cosponsored by the 
International Atomic Energy Agency 
and the United Nations Educational, 
Scientific, and Cultural Organization, 
with the active cooperation of the Food 
and Agriculture Organization. The 
meeting is intended to familiarize geol- 
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ogists, oceanographers, and fisheries 
experts with problems involved in the 
disposal of nuclear wastes and to en- 
able them to discuss specific questions 
with atomic-energy specialists. 

The Third Venezuelan Geological 
Congress will take place in Caracas, 
Venezuela, 22-29 November. This is 
the first such meeting to be held since 
1938. The agenda establishes commis- 
sions in various areas, including gen- 
eral geology, stratigraphy, applied geol- 
ogy, petrogeny, and tectonism and sedi- 
mentation. The meeting is being pro- 
moted by the Venezuelan Society of 
Geologists; it is sponsored by the Min- 
istry of Mines and Hydrocarbons, Di- 
vision of Geology. For information 
write to Mr. Anibal R. Martinez, Jer- 
sey Production Research Co., 1133 N. 
Lewis Ave., Tulsa 10, Okla. 

A group of students from the United 
Arab Republic is arriving in Canada 
to undertake scientific studies in Cana- 
dian universities. The students, who are 
all at the postgraduate level, will study 
physics, chemistry, electrical and civil 
engineering, metallurgy, soil science, soil 
chemistry, and botany. All their ex- 
penses will be paid by the govern- 
ment of the U.A.R., which asked Can- 
ada’s help in the education program 
shortly before the start of the current 
academic year. 

% * a 

The American Epilepsy Federation, 
a new lay epilepsy organization, was 
formed in Milwaukee on 13 September. 
The federation, composed of 23 affili- 
ates in 11 states, represents an effort to 
unite all existing lay societies into a 
single cohesive unit. The federation’s 
president is Mrs. Albert Grass of 
Quincy, Mass. 

The proceedings of the Sixth Mid- 
western Conference on Fluid Mechanics 
and the Fourth Midwestern Conference 
on Solid Mechanics, meetings which 
were held jointly at the University of 
Texas, 9-11 September, are available at 
$12.50 per volume from the Engineer- 
ing Institutes, Division of Extension, 
University of Texas, 18th and Red River 
Streets, Austin, Tex. 

% * ae 

Sanitary Engineering Manpower has 
been issued by the U.S. Public Health 
Service. The data for the survey were 
gathered in cooperation with the Na- 
tional Science Foundation’s scientific 
and engineering manpower unit. The 


32-page pamphlet provides a collective 
picture of the age, education, profes- 
sional experience, years of service, kind 
and type of employment, income, and 
related characteristics of approximately 
4000 sanitary engineers, a group which 
represents almost two-thirds of the total 
estimated number of such engineers in 
the country. The report, PHS publica- 
tion No. 703, may be obtained from the 
Government Printing Office, Washing- 
ton 25; D:€. 

The Council on Library Resources, 
Inc., has granted $72,965 to the Brook- 
ings Institution for a survey of federal 
departmental and agency library facili- 
ties. Luther H. Evans, former director 
general of UNESCO, will serve as sen- 
ior counsultant for the project, which 
will be under the direction of Charles 
A. H. Thompson of Brookings. This 
survey will be the first major over-all 
appraisal of federal library facilities. 
Results of the study will be published 
early in 1961. 

* a ae 

Arid Lands Research Newsletter, re- 
porting current activities in all discip- 
lines concerned with research on arid 
regions and with emphasis on western 
North America, will be published by 
the Committee on Desert and Arid 
Zones Research of the AAAS South- 
western and Rocky Mountain Division. 
News for publication and requests for 
copies of the Newsletter should be sent 
to the Editor, Richard B. Woodbury, 
Department of Anthropology, Univer- 
sity of Arizona, Tucson. 

* ae * 

The Society of Women Engineers will 
have its headquarters on the third floor 
of the United Engineering Building that 
is being built at United Nations Plaza 
in New York. It is hoped that the pres- 
tige gained by the society through its 
new headquarters in the Engineering 
Center will accelerate the development 
of wide-scale interest in engineering 
as an attractive profession for young 
women. 

og * iS 

The indexing activities of the 
American Medical Association and the 
National Library of Medicine will be 
conducted in the future on a coordi- 
nated basis. Beginning with the issue 
for January 1960, the National Library 
of Medicine will publish monthly issues 
only of a new medical index to be 
called the Index Medicus. The American 
Medical Association will publish an- 
nual cumulations of the index, to be 
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known as the Cumulated Index Medicus. 
Subscriptions for the Index Medicus will 
be handled by the Superintendent of 
Documents, Government Printing Office, 
Washington 25, D.C., as is customary 
for all government publications; the 
Cumulated Index Medicus will be sold 
and distributed separately by the Ameri- 
can Medical Association. 
* a * 

A new publication series has been 
founded, the Occasional Papers of the 
C. C. Adams Center for Ecological 
Studies. The first number will appear in 
late 1959 or early 1960. Those inter- 
ested in being placed on the mailing 
list should write to Thane S. Robinson, 
director, C. C. Adams Center for Eco- 
logical Studies, Western Michigan Uni- 
versity, Kalamazoo, Mich. 

The Mellon Institute, Pittsburgh, Pa., 
has opened a major addition, the Bushy 
Run Laboratories located some 25 
miles east of Pittsburgh. The new facili- 
ties consist of the Chemical Hygiene 
Building and the Radiation Research 
Building, the first two in a series of pro- 
posed special buildings, each devoted to 
a particular field of scientific investiga- 
tion. 

Wittenberg College, Springfield, 
Ohio, has announced that the name 
of the institution has been changed to 
Wittenberg University. 


Scientists in the News 


R. Hill, of the School of Biochemis- 
try, University of Cambridge, England, 
will be a visiting professor during the 
winter term of 1960 in the department 
of chemistry, Oregon State College, 
Corvallis. He will lecture in biochemis- 
try and will conduct a research project 
on biological oxidation. 


The Christopher Columbus Interna- 
tional Award for outstanding achieve- 
ment in telecommunications was pre- 
sented 12 October to Brig. Gen. David 
Sarnoff, chairman of the board of Ra- 
dio Corporation of America, E. W. 
Engstrom, senior executive vice presi- 
dent, and V. K. Zworykin, honorary 
Vice president of RCA. 


Boston College has appointed 
Robert L. Becker to its department of 
physics as associate professor. He has 
been assistant professor at the Univer- 
sity of Kentucky. 
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Recent honorary degrees include the 
following. 

Harold Jefferson Coolidge, director, 
Pacific Science Board, National Acade- 
my of Sciences—National Research 
Council, from George Washington Uni- 
versity. 

William C. Steere, director of the 
New York Botanical Garden, from the 
University of Montreal. 

Richard E. Shope, member of the 
Rockefeller Institute, Karl F. Meyer, 
veterinary medical research investigator, 
and Hadleigh Marsh, veterinary scientist 
and member of the Montana State Col- 
lege faculty, from the University of 
Pennsylvania. 


Louis Schneider, formerly of Purdue 
University, has been appointed profes- 
sor of sociology and head of the de- 
partment of sociology, University of 
Illinois, Urbana. He will begin his du- 
ties on 15 March 1960. At present, he 
is visiting professor of sociology at 
Dartmouth College. 


New appointments at the U.S. Naval 
Civil Engineering Laboratory, Port 
Hueneme, Calif., include the following: 

Arthur B. Chilton, director of the 
Research and Development Division of 
the Navy’s Bureau of Yards and Docks, 
has become director of the laboratory. 
He succeeds Charles J. Merdinger. 

William B. Plum, head of the Ther- 
mal Branch of the U.S. Naval Radio- 
logical Defense Laboratory, has be- 
come head of the newly created Ap- 
plied Science Department. 

E. Vernon Potter, formerly with the 
Electronics Design Division of the 
Navy’s Bureau of Ships, has become 
director of the Physics and Electronics 
Division. 


Lorin J. Mullins, on leave of absence 


as associate professor of biophysics at ' 


Purdue University, has been appointed 
visiting professor of biophysics in psy- 
chiatric research at the University of 
Maryland School of Medicine. 


Robert S. Davidow has been ap- 
pointed ‘as a research associate, and 
John Oliver Millham, as a senior chem- 
ist, to the staff of the research depart- 
ment of Philip Morris, Inc. The new 
appointees have been assigned to the 
Philip Morris Research Center in Rich- 
mond, Va. They had been, respectively, 
with the Armour Research Foundation 
and the U.S. Food and Drug Adminis- 
tration. 


Van Olin Nicolai has been named 
associate physicist at Armour Research 
Foundation of Illinois Institute of 
Technology. 


Franklin G. Liming, director of the 
Forest Research Center, Central States 
Forest Experiment Station, Columbia, 
Mo., has been appointed assistant to the 
director of the division of forest man- 
agement research, U.S. Forest Service, 
Washington, D.C. 


Stanley W. Nitzman has been ap- 
pointed manager of the Atomic Energy 
Commission’s Schenectady (N.Y.) Naval 
Reactors Operations Office. He succeeds 
Jon B. Anderson, who resigned last 
May to become deputy director of the 
New York State Office of Atomic De- 
velopment. 


Paul DeH. Hurd, associate profes- 
sor of science education at Stanford 
University, is spending the 1959-60 
academic year as educational consult- 
ant to the AIBS Biological Sciences 
Curriculum Study, located on the cam- 
pus of the University of Colorado. 


H. M. Powell, formerly research ad- 
visor in the biological division of Eli 
Lilly and Company, has been appointed 
research professor of pediatrics, Riley 
Hospital, Indiana University Medical 
Center, Indianapolis. 


Rufus Oldenburger, School of Me- 
chanical Engineering, Purdue Univer- 
sity, has received the International 
Federation of Automatic Control award 
for meritorious service. 


Bertha A. Klien has been appointed 
professor of ophthalmology in the de- 
partment of surgery of the University 
of Chicago School of Medicine. She 
had been associate professor of ophthal- 
mology at the university since 1955. 


James W. McRae, vice president of 
the American Telephone and Tele- 
graph Company and chairman of the 
Army Scientific Advisory Panel, has re- 
ceived the Army’s Distinguished Civil- 
ian Service Medal for his contributions 
toward development of a series of small, 
tactical nuclear weapons. 


Arnold J. Lehman, director of the 
division of pharmacology, U.S. Food 
and Drug Administration, Washington, 
D.C., was honored at the fall meeting 
of the American Society for Pharma- 
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cology and Experimental Therapeutics. 
During the ceremonies a plaque, on 
which the names of the winners of the 
Arnold J. Lehman Prize in pharma- 
cology are engraved, was unveiled. The 
annual prize goes to a student at the 
School of Medicine, University of 
Miami, who shows great promise in 
pharmacology. 


Augustus B. Kinzel, vice president for 
research of Union Carbide Corporation, 
was recently named recipient of the In- 
dustrial Research Institute Medal for 
1960. The medal has been awarded an- 
nually since 1945 to honor outstanding 
accomplishment in industrial research. 
It will be presented next May at the 
annual meeting of the institute. . 


Gardiner L. Tucker has been ap- 
pointed resident manager of the San 
Jose, California, research laboratory of 
the International Business Machines 
Corporation. Tucker, formerly manager 
of the IBM Research Planning Staff 
joined IBM in July 1952 as a research 
physicist at the Watson research labora- 
tory in New York City. 


Ernst Opik of Armaugh Observatory, 
Northern Ireland, has been reappointed 
visiting professor of physics at the Uni- 
versity of Maryland for the academic 
year 1959-60. Peter S. Farago of Edin- 
burgh University, Scotland, also has 
been appointed visiting professor for 
1959-60. 


C. J. Pings, formerly of Stanford 
University, is now associate professor 
of chemical engineering at the Cali- 
fornia Institute of Technology. 


Maj. Gen. August Schomburg, Army 
deputy chief of ordnance, will succeed 
Maj. Gen. John B. Medaris, who will 
retire 31 January as head of the Army 
Ordnance Missile Command at Hunts- 
ville, Ala. 


The following British scientists have 
received John Price Wetherill medals 
of the Franklin Institute, Philadelphia, 
Pa., for their development of gas-liquid 
(partition) chromatography: 

A. J. P. Martin, director of research 
at Griffin and George Research and De- 
velopment, Ltd., Wembley, Middlesex; 

R. L. M. Synge, research biochemist 
at Rowett Research Institute, Bucks- 
burn, Scotland; 

A. T. James, research biochemist at 
the National Institute for Medical Re- 
search, London. 
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F. F. Nord, professor of organic 
chemistry and enzymology at Fordham 
University, was honored at a dinner on 
17 October by the alumni, faculty, and 
administration of the university on the 
occasion of his 70th birthday. F. Lip- 
mann of the Rockefeller Institute de- 
livered the principal address and pre- 
sented him with a collection of papers 
published in a special issue of the 
Archives of Biochemistry and Biophy- 
sics. R. Pelmont of the French Embassy 
presented him with the medal of the 
Société de Chimie Biologique. 


John M. Wild will join General 
Dynamics Corporation’s General Atom- 
ic Division as director of Project Orion. 
He will also become assistant director 
of the division’s John Jay Hopkins 
Laboratory for Pure and Applied Sci- 
ence in San Diego, Calif. He had been 
director of engineering for A.R.O., Inc., 
which operates Arnold Engineering De- 
velopment Center for the U.S. Air 
Force at Tullahoma, Tenn. 


A new $150,000 fund, the Truman 
G. Schnabel Fund, “to aid worthy stu- 
dents of the Medical School,” has been 
established at the University of Penn- 
sylvania in memory of Cornelia Warren 
Hopeman, a former patient of Truman 
G. Schnabel, emeritus professor of med- 
icine of the university. 


Ernest F. Barker, professor emeritus 
of physics at the University of Michi- 
gan, has been appointed lecturer for the 
academic year 1959-60. He will teach 
two courses designed to prepare a se- 
lected group of high-school physics 
teachers to present a course in high- 
school physics which has been developed 
over the past 3 years by a physical sci- 
ence study committee working at the 
Massachusetts Institute of Technology. 


Richard H. Boutelle, physicist at the 
Brookhaven National Laboratory, has 
been named chief health physicist for 
the Nuclear Division of the Martin 
Company, Baltimore, Md. 


Franz Schrader, professor of zoology 
at Columbia University, has been ap- 
pointed visiting professor of zoology 
at Duke University, Durham, N.C. 


Jacob Rabinow, president of the Ra- 
binow Engineering Company, Inc., 
Washington, D.C., has been awarded an 
Edward Longstreth Medal by the 
Franklin Institute, Philadelphia, Pa., 
on 21 October. 


John Read, professor of chemistry 
at the University of St. Andrews, Scot- 
land, has received the 1959 Dexter 
Award in the history of chemistry, 
administered by the American Chemi- 
cal Society, at a meeting of the Chem- 
ical Society in London. 


Kenneth A. Norton, chief of the Ra- 
dio Propagation Engineering Division 
at the Boulder (Colo.) Laboratories, Na- 
tional Bureau of Standards, will receive 
the Harry Diamond Memorial Award 
during the convention of the Institute 
of Radio Engineers in New York in 
March 1960. 


I. S. Ravdin has been elected vice 
president for medical affairs of the Uni- 
versity of Pennsylvania. He will con- 
tinue his surgical practice, and his duties 
as professor of surgery in the School of 
Medicine. Jonathan E. Rhoads, profes- 
sor of surgery and former provost of the 
university, has been elected John Rhea 
Barton Professor of Surgery, chairman 
of the department of surgery of the 
School of Medicine, and director of the 
Harrison Department of Surgical Re- 
search, posts which Ravdin had held 
since 1945, 


Joan B. Christie has joined the uni- 
versity relations division of the Oak 
Ridge Institute of Nuclear Studies as 
an assistant scientist. She is a member 
of the training staff for the ORINS 
“traveling teachers.” 


Recent Deaths 


Sydney N. Baruch, New York, N.Y, 
74; electrical engineer and inventor; 
former chief research engineer for the 
General Arc Lighting Co.; 22 Sept. 

George M. Eisenberg, Philadelphia, 
Pa.; 47; chief of the division of bacteri- 
ology and immunology at Philadelphia 
General Hospital; coauthor of Aniti- 
Microbial Therapy in Medical Practice; 
26 Oct. 

Cherry L. Emerson, Atlanta, Ga.; 71; 
former vice president of Georgia In- 
stitute of Technology; 26 Oct. 

Ralph C. Mize, Los Gatos, Calif.; 83; 
retired meteorologist, formerly in charge 
of U.S. Weather Bureau stations at 
Juneau (Alaska), Cleveland, and Buf- 
falo; 8 Oct. 

Louis J. Waldbauer, Albany, N.Y. 
63; chemist and supervisor of the ana- 
lytical research and technical informa- 
tion section of the General Aniline and 
Film plant in Rensselaer, N.Y.; 20 Oct. 
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The Study of Politics. The present state 
of American political science. 
Charles S. Hyneman. University of 
Illinois Press, Urbana, 1959. xi + 
232 pp. $4.50. 


Political scientists, according to 
Charles Hyneman, are “unhappy about 
the state of their discipline.” We are 
unhappy for any one or all of four 
reasons which fill Hyneman himself with 
apprehension: (i) fear that we engage 
too much in activities which divert us 
from scholarly study and adversely af- 
fect the quality of the studies we make; 
(ii) fear that we have set ourselves too 
great .a task in scholarly study: that we 
have committed ourselves to objectives 


of inquiry which in magnitude and di-' 


versity are too great to be encompassed 
in a discipline; (iii) doubt that our 
scholarly enterprise promises to achieve 
results worthy of a place in the total 
structure of learned literature; (iv) 
doubt that we have fitted our efforts 
adequately with the efforts of other 
disciplines that share with us the whole 
study of social relationships. 

Heaven knows, political scientists 
are engaged in a multitude of activities 
ranging from exigetical writing on the 
“classics” to advising governments here 
and abroad on the technical aspects of a 
great variety of managerial problems. 
In between times and almost inci- 
dentally, they participate in teaching 
undergraduates in the liberal arts curric- 
ulum, and in training specialists in 
everything from public accounting and 
budgeting to recondite theories of 
power politics. Hyneman expresses a 
legitimate concern lest their preoccu- 
pation with extramural and extracur- 
ticular matters, with training rather 
than education, and with public af- 
fairs and applied research rather than 
the cultivation of basic learning and re- 
search, may dull the edges of their 
scholarly interests and competences. 
For scholarship, including teaching and 
basic research, is “the primary task 
of the political scientist.” Participation 
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in public affairs can no doubt enrich 
and enliven both his teaching and his 
scholarship, but sound scholarship will 
bring more to public affairs than par- 
ticipation in public affairs will con- 
tribute to scholarship. Moreover, al- 
though scholarly study “can be carried 
on effectively by political scientists who 
remain aloof from the public forum, 
. .. the reverse is not true.” The “po- 
litical scientist cannot take expertise as 
a political scientist to the public forum 
except as he carries with him the fruits 
of scholarship.” 
Hyneman is careful not to push the 
distinction between participation in 
public affairs and scholarship too far. 
They are not mutually exclusive fields 
of endeavor. There are enough reserva- 
tions in his forebodings to acquit 
Hyneman of the fallacy of an excluded 
middle term. It is, after all, a matter 
of emphasis. Scholarship in political 
science which ignores the world of 
everyday public affairs can easily de- 
generate into arid scholasticism, just 
as an undue involvement in so-called 
“practical politics” can transform the 
scholar into a journalist or a ward boss. 
Hyneman, who obviously favors the 
scholar over the activist, would avoid 
these pitfalls by infusing scholarship 
with moderate doses of active states- 
manship. But just how this is to be done, 
he does not say. Nor does he offer any 


substitute for the very substantial con- : 


tributions to both scholarship and 
statesmanship of activists as varied as 
Aristotle, John of Salisbury, Machia- 
velli, Locke, J. S. Mill, Edmund Burke, 
Thomas Jefferson, and Woodrow Wil- 
son, to mention vut a few. 

Although Hyneman avoids making 
the choice between scholarship and 
statesmanship an either-or proposition, 
he poses other equally difficult alterna- 
tives even for those political scientists 
who share his own preference for 
scholarship. As scholars, he says, po- 
litical scientists are normally concerned 
with one or more of the following 
types of inquiry: (i) the “description 


of legal governments”; (ii) the “exami- 
nation of ideas”; (iii) the “construction 
of a science”; (iv) the analysis of 
“normative doctrine and proposals for 
social action.” In successive chapters 
he examines these types of inquiry at 
some length and, in doing so, seems to 
suggest that the true scholar must not 
only eschew participation in public af- 
fairs but, if he is to make any signifi- 
cant contribution, must specialize in 
one or another of these “fields.” To en- 
compass more than one such “field” is 
to attempt too much and, by doing so, 
to run the risk of being superficial and 
unscientific. 

Hyneman finds the publications of 
American political scientists pretty dis- 
couraging. Although their major pre- 
occupation for many generations has 
been with the “description of legal gov- 
ernments,” Hyneman finds serious gaps 
even in the literature of this field. “Our 
literature,” he says, “does not provide a 
full account of the organizational struc- 
ture for deciding constitutional issues 
. . . [or] a full description of the proc- 
esses of judicial decision and ac- 
tion. . . . We have made little explora- 
tion of the relationships of lower 
federal courts to constitutionality of 
legislation. . . . We have not, as a dis- 
cipline, won any. praise for compre- 
hensive, accurate, illuminating accounts 
of court-made policy which stems out 
of language in state constitutions. . . 
Finally, our writing about constitu- 
tional law and the judicial process 
does not provide thorough descriptions 
of the human environment that provides 
the setting for or conditions the proc- 
ess which is the central point of at- 
tention in this literature.” 

Nor have we done much better in the 
“examination of ideas,” or in the “con- 
struction of a science.” Concerning the 
first of these, Hyneman concludes, “as 
is the case with our efforts at descrip- 
tion, our accomplishments in examina- 
tion of ideas fall far short of our com- 
mitment.” In this area we lag sadly 
and badly behind our European col- 
leagues. Nor can it be said that, except 
for a few examples of what Hyneman 
calls “variable analysis,” we have made 
any very substantial progress toward 
the “construction of a science” of poli- 
tics. Since the controlled experiment is, 
for all practical purposes, unavailable 
to the political scientist, he is compelled 
to rely mainly on careful observation, 
description, classification, and analysis 
of political “entities.” But, says Hyne- 
man, “Descriptive studies that meet 
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stern requirements of scientific method 
are as yet too few to support much hope 
that the findings they report will ulti- 
mately add to other findings and so 
contribute to generalizations worthy of 
a place in scientific literature.” 

It is perhaps ironical that the major 
contributions of political scientists to 
our civilization have been in the fields 
of “normative doctrine and proposals 
for social action,” fields which Hyne- 
man would have them deemphasize if 
not avoid entirely. “Political scientists,” 
according to the late Leonard White, 
“took a major responsibility for the re- 
construction of municipal government. 
. . . They led the way in the reorgani- 
zation of state governments. . . .. They 
were influential in the drive for a short 
ballot and better election procedures. 
They were chiefly responsible for edu- 
cating the American public to the ne- 
cessity of a budget system. They be- 
gan the long process of discussion that 
finally . . . reversed the historical di- 
rection of American foreign policy... . 
Suffice it to say that where good works 
are to be done on the body politic, 


there political scientists are to be 
found.” These are no mean achieve- 
ments, and they have been accom- 


plished by men and women who were 
unafraid to mix scholarship with active 
statesmanship. 

Hyneman has a good deal to say 
about how scientific political science can 
be without sacrificing a legitimate con- 
cern for political values. He calls for a 
more rigorous analysis of means and 
ends and for a more pragmatic use of 
political theory, and especially of the 
so-called “classics,” in this analysis. 
Unless I misread what he has to say, 
Hyneman takes a dim view of those 
who, in their zeal for scientific method, 
would focus the attention of political 
scientists on such concepts as “power” 
and “influence,” “behavior” or ‘“de- 
cision making,” to the exclusion of their 
more traditional concern with “legal 
government” and political ideas. “If,” 
he asks, “the study of influence offers 
high hope of arriving at generaliza- 
tions, why isn’t the traditional study of 
political scientists right down the line? 
Legal governments are great systems of 
influence; they provide readily accessi- 
ble demonstrations of power, which is 
influence backed up by compelling 
sanctions.” 

There is much iu this volume that is 
confusing and even contradictory. Much 
of Hyneman’s own terminology shows 
the same lack of careful definition for 
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which he takes his colleagues to task. 
He appears to be impatient with those 
who indulge in detailed textual exegesis 
of political classics, although it is hard 
to see how the real meat of these great 
works can be extracted without such 
analysis. Time and again he uses power 
and influence as synonymous terms, al- 
though they refer to profoundly differ- 
ent aspects of political behavior. He 
does less than justice to the so-called 
“behavioralists” and seems to assume 
that somehow “legal governments,” 
“ideas,” and “normative doctrine and 
proposals for social action” can have 
meaning and significance apart from 
the political behavior of living men and 
women. He correctly criticizes political 
scientists for being fuzzy-minded gen- 
eralists but pleads for greater and 
greater breadth in those specialized 
fields to which he would direct their 
efforts. And while taking political 
scientists to task for attempting too 
much, he calls upon them repeatedly to 
do more and more. 

Nevertheless, Hyneman has done 
political scientists a notable service in 
holding up this mirror to their achieve- 
ments and their shortcomings. This 
volume deserves a wide, careful, and 
critical reading by all those who profess 
what has long been described as the 
“queen of the sciences,” the ancient and 
honorable science of politics. 

PETER H. ODEGARD 
Department of Political Science, 
University of California, Berkeley 


Complete Field Guide to American 
Wildlife. East, Central and North. 
Henry Hill Collins, Jr. Harper, New 
York, 1959. xix + 683 pp. Illus. 
$6.95. 

The World of Living Things. Paul Gris- 
wold Howes. Duell, Sloan and Pearce, 
New York, 1959. xix + 232 pp. Illus. 
$4.50. 

Curious Naturalists. Niko Tinbergen. 
Basic Books, New York, 1959. 280 
pp. Illus. $5. 


These: three books are quite dissimi- 
lar, but they have in common a primary 
focus on the animal kingdom. The first 
is a field identification manual, the 
second is a series of reflective essays on 
natural history themes, while the third 
blends, in a highly intriguing fashion, 
a series of glimpses into the fascinating 
and bewilderingly diverse lives of vari- 
ous creatures with an informal account 


of the experiences and joys the author 
has had in the course of his studies. 

Collins’ book Complete Field Guide 
to American Wildlife, covers, in its 683 
pages, all the species of mammals, birds, 
reptiles, amphibians, food and game 
fishes, shells, and principal marine in- 
vertebrates of North America east of 
the Rocky Mountains and north of 
Mexico. The use of the word wildlife 
is thus restricted to animal life aside 
from insects. Not only are about 1400 
species of animals treated in some detail 
in the text, but 700 of them are shown 
in color and 800 in black-and-white. 
Over 2000 maps and other illustrations 
are included in this ambitious and seem- 
ingly well done manual, which is in- 
tended to be a “one-book-library” for 
use in the field. A rapid sampling of the 
contents gives me the impression that 
it will prove to be a reliable and handy 
guide. 

Howes’ book, This World of Living 
Things, is intended for reading, rather 
than for field use. While the creatures 
described are as varied as collembolans, 
the tropical forests of British Guiana, 
infusorians, and the human species, 
Howes tells us that these are not ran- 
dom sketches, but were carefully chosen 
from a great many that, at one time or 
another, occupied his attention. The 10 
chapters and their documentation are 
uniformly good and hold the interest of 
the reader. The book is written in such 
a way that it introduces the nonnatural- 
ist to various aspects of the world of 
living things and shows him, in simple 
and straightforward descriptions, what 
a wonderful and richly rewarding world 
it is. Howes has worked for many years 
in the field of popular education as 
writer and lecturer, and as curator of 
the Bruce Museum in Greenwich, Conn. 
The present book shows an experienced 
hand and an ever-alert and receptive 
mind. 

The third book, Curious Naturalists, 
by Niko Tinbergen, the great animal 
behaviorist at Oxford University, takes 
its name from the last chapter, in which 
the author defends his curiosity about 
nature. He writes that, “. . . no man 
need be ashamed of being curious about 
nature. It could even be argued that this 
is what he got his brains for and that no 
greater insult to nature and to oneself 
is possible than to be indifferent to 
nature.” Tinbergen’s curiosity has em- 
braced all forms of animal life—birds, 
insects, fishes. His studies, only partly 
reflected in the almost autobiographical 
essays presented here, have not only 
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been meticulously detailed, but the de- 
ductions he has drawn from them have 
been experimentally tested to determine 
their objectivity and their validity. Un- 
like many naturalists, Tinbergen con- 
structs ingenious methods of testing 
what he thinks he can deduce from his 
observations, and, by so doing, is able 
to present his observations in critically 
acceptable form. The first essay in this 
book deals with insect studies at Huls- 
horst, in Tinbergen’s native Holland, 
where he first found the type of study 
that he decided to make his life work. 
This is followed by two chapters on 
experiences in the arctic, especially in 
Greenland, where he made his notable 
studies of snow buntings and phala- 
ropes. Following these are a number of 
chapters devoted to a variety of crea- 
tures—falcons, sand wasps, butterflies, 
gulls, and ducks, as well as penetrating 
discussions of both animal camouflage 
and the symbiotic relations between in- 
sects and flowers. All in all, a pleasant 
and stimulating literary experience is in 
store for those who read this book. 

All three books are well indexed. 
While this is of less importance in the 
second and third than in the first vol- 
ume, the presence of an index indicates 
to me at least, that the author attempted 
to make his ideas and his data available 
to his readers, an attitude always to be 
commended. Anyone who has had to 
peruse, page-by-page, old unindexed 
travel books for the observations of 
natural history they contain must have 
had occasions to condemn the authors 
for this lack of cooperation. 

HERBERT FRIEDMANN 
U.S. National Museum, 
Smithsonian Institution 


Men and Atoms. The discovery, the 
uses and the future of atomic energy. 
William L. Laurence. Simon and 
Schuster, New York, 1959. xiii + 302 
pp. $4.50. 


This is a fascinating account, written 
by the science editor of the New York 
Times, of the birth of the atomic age. 
Laurence was the only reporter privi- 
leged to be in on the secret of the first 
nuclear bomb before it was exploded 
above the New Mexico desert in 1945. 

Though much of the story has been 
tecorded previously, the reader may 
tnjoy reliving the cloak-and-dagger in- 
ttigue that surrounded the Manhattan 
Project and some of the events of the 
tense 314-day countdown that preceded 
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the triggering of the bomb—Bacher 
struggling with a balky mechanism while 
he assembled the vital core of the bomb 
in an old ranch house; Kistiakowsky 
braving an electrical storm to inspect 
the bomb-laden test tower; Oppenheim- 
er and General Groves anxiously eye- 
ing the foreboding skies. Then “there 
rose as if from the bowels of the earth 
a light not of this world, the light of 
many suns in one” to herald the end of 
World War II and the beginning of 
man’s efforts to avoid universal suicide. 

Actually, the book covers a great deal 
more than the Manhattan Project and 
should give the lay reader, in particular, 
a good idea of how basic research pro- 
vides the building blocks for the founda- 
tion on which technology lies. This 
lesson comes. through despite the 
chronologically disjointed narrative 
(perhaps a reflection of the occupational 
disease which afflicts us newspapermen) 
and Laurence’s unrestrained prose— 
sometimes as purplish as the awesome 
fireball it seeks to describe. 

Among other things, Laurence pains- 
takingly debunks the popular notion 
that the atom-bomb project was sparked 
by Einstein’s famous letter, written in 
1939, to President Roosevelt. “The 
tragic truth is,” Laurence says, “that the 
Einstein letter . . . played no part what- 
ever in the decision (26 months later) 
to go all out on the building of an atom 
bomb.” For, the author points out, “it 
was not until December 6, 1941, the 
day before Pearl Harbor, after the Brit- 
ish scientists had shown us that an 
atom bomb was a definite possibility 
and when it appeared that we had 
handed the Germans a head start of 
three full years (an assumption later 
proved to be erroneous), that we at last 
decided to go start work on the project.” 

As Laurence details our procrastina- 
tion and lack of top-level concern, the 
reader should come to realize the im- 


plication of two situations: the danger °‘ 


to democratic survival of a scientifically 
illiterate electorate and, worse yet, the 
folly of entrusting our national fate, in 
times such as these, to lawmakers and 
policy planners ignorant of the ways of 
science and technology. 

The reader should also sense the utter 
ridiculousness of some of our secrecy 
rules while, at the same time, recogniz- 
ing the treacherous cunning of traitors 
like Fuchs, who breached the tight 
security precautions to “feed Soviet 
agents the secrets of the atom bomb 
and the early theories about the hydro- 
gen bomb.” 

Undoubtedly, some readers will take 


issue with the author’s discussion of 
“clean” hydrogen bombs (though he 
makes it clear they'll never be as pure 
as Ivory soap), with his defense of our 
recent nuclear weapons tests (to which 
I subscribe), and with his conviction 
that “there cannot be another war” 
because an aggressor would risk “the 
certainty of absolute and swift annihila- 
tion” (an obvious reality which mad- 
men have a tragic habit of overlook- 
ing). 

But, all in all, the book is well worth 
your reading. 

JOHN TROAN 

Scripps-Howard Newspaper Alliance, 
Washington, D.C. 


Libraries and Bibliographic Centers in 
the Soviet Union. Indiana University 
Publications. Slavic and East Euro- 
pean series, vol. 16. Paul L. Horecky. 
Indiana University, Bloomington, 
1959. xviii + 289 pp. $3. 


Paul Horecky, assistant chief of the 
Slavic and East European Division of 
the Library of Congress, characterizes 
his study as “an attempt to present an 
up-to-date and realistic picture” of li- 
braries and bibliographic centers in the 
U.S.S.R. The attempt is timely, worth 
while, and highly successful. Drawing 
its information from a wide range of 
Soviet material and from interviews with 
American visitors to Soviet libraries, the 
book has a double merit: it presents a 
great deal of carefully sifted informa- 
tion about the institutions in question 
and also points out the rather special 
role such institutions have been made to 
play in the Soviet environment. On the 
factual side, the book describes the So- 
viet legal deposit-copy system and or- 
gans of bibliographic registration and 
the various aspects of the network of 
libraries and collections; on the analyti- 
cal side, the book touches upon the So- 
viet concept of librarianship as a vehicle 
for indoctrination. 

The well-organized volume begins 
with a glossary which defines pertinent 
Soviet terms that often puzzle the non- 
specialist, and includes 12 chapters of 
closely packed data interspersed with 
elucidating organizational charts, dia- 
grams, and tables. Thirty-four “supple- 
ments” containing additional relevant 
material, a selective and up-to-date bib- 
liography of sources, and a detailed in- 
dex add to the value of the publication. 

The readers of Science will be partic- 
ularly interested in the chapters dealing 
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with the science and technical libraries, 
and with the organizational aspects of 
libraries of the various Soviet academies 
of sciences. 

The book’s preface announces a com- 
panion volume by Boris Gorokhoff on 
the abstracting and bibliographic pro- 
grams of various nonlibrary informa- 
tion services in the Soviet Union. To- 
gether, the two volumes should answer 
most of the pertinent questions for the 
scientist concerned with Soviet libraries 
and documentation. 

T. W. MARTON 
National Bureau of Standards Library 


The Customs and Religion of the 
Ch’iang. David Crockett Graham. 
Smithsonian Institution, Washington, 
D.C., 1958 (Smithsonian Miscella- 
neous Collections, vol. 135, No. 1). 
114 pp. Illus. + plates. $2. 


Now that China is closed to social 
scientists, we are constantly reminded 
of great gaps in our knowledge of that 
huge land and its diverse inhabitants. 
Certain areas of ignorance relate to cur- 
rent problems and their immediate so- 
cial and political effects. Others seem 
more obscure and academic until the 
morning newspaper flashes exotic names 
and informs us that the center of the 
crisis-of-our-times is now lodged in 
Laos, in Tibet, or in the borderlands 
between China and Burma. Then there 
is a general shaking-of-heads and much 
deploring of the shameful limitations 
of our knowledge. 

Such are the thoughts aroused by a 
reading of this-collection of notes about 
one of the lesser known non-Han peo- 
ples of southwestern China. The 
Ch’iang are people of generally Mon- 
goloid type who speak a Tibeto-Bur- 
man language. Those whose culture is 
described (primarily in its religious 
aspects) live in western Szech’uan. 
They are farmers and keepers of do- 
mesticated animals, and their clothing 
as well as their language immediately 
sets them apart from the Chinese who 
dwell in nearby valleys and from the 
other non-Han peoples, the Wa and the 
Chia-rung, who are their neighbors. The 
Ch’iang are particularly interesting be- 
cause the Chinese have long asserted 
that the Ch’iang are descended from 
the peoples of Northwest China who, 
over 2000 years ago, were dislodged 
and became the fundamental popula- 
tion of Tibet. Graham’s notes on 
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Ch’iang religion throw little positive 
light on this problem, since few re- 
semblances are manifest between 
Ch’iang religion and Bon-po, the pre- 
Buddhist religion of Tibet (as opposed 
to contemporary Tibetan Bon, which is 
so heavily inroaded with Buddhist ele- 
ments that it virtually constitutes an 
aberrant sect of Lamaism). Neverthe- 
less, Graham’s book suggests once again 
a most fascinating problem for a lin- 
guist: what light does glottochronology 
thrown on the question of the Ch’iang- 
Tibetan relationship and its time depth? 

This volume does not pretend to be 
a complete and unified account of 
Ch’iang culture but pursues the author’s 
special interest in Ch’iang religious be- 
liefs and ceremonies. It will also be 
found useful because of its substantial 
body of Ch’iang texts which appear in 
phonetic renderings (in Chinese and in 
English). Graham is to be congratulated 
for making this material available, and 
the Smithsonian Institution is to be 
complimented for providing for its 
publication. 

MorTon H. FRIED 

Department of Anthropology, 
Columbia University 


Steroids. Louis F. Fieser and Mary 
Fieser. Reinhold, New York; Chap- 
man and Hall, London, 1959. xvii + 
945 pp. $18. 


Steroids revises and extends the Fie- 
sers’ Natural Products Related to Phe- 
nanthrene which, in three editions, has 
been the authoritative text in this field 
since 1936. The authors’ justifications 
for undertaking a new edition under a 
different title are the expanded interest 
in and importance of steroid chemistry 
in recent years, the introduction of con- 
formational analysis and other theoreti- 
cal tools into the steroid field, and the 
organic chemists’ need for a reliable 
guide to recent advances in this intricate 
subject. Although under the Fiesers’ au- 
thorship, Steroids is a collaborative ef- 
fort in the sense that no less than 67 
outstanding steroid chemists cooperated 
with the authors by supplying sugges- 
tions, corrections, and unpublished ad- 
vance information (this made it possible 
for the book to cover current literature 
to March 1959). The material is pre- 
sented as a series of separate topics, 
and each topic is complete in itself, 
in that the topic is developed from his- 
toric to modern dates; early work is in- 


terpreted in modern terms. The Fiesers’ 
captivating and readable prose style 
continues to be strongly evident in the 
present text. 

WILLIAM A. BONNER 
Department of Chemistry, 
Stanford University 


New Books 


College Physics. Robert L. Weber, 
Marsh W. White, Kenneth V. Manning. 
McGraw-Hill, New York, ed. 3, 1959, 
645 pp. $7.50. 

Electrolytic Conductance. Raymond M. 
Fuoss and Filippo Accascina. Interscience, 
New York, 1959. 288 pp. $8. 

A Handbook of Colorimetric Chemical 
Analytical Methods. Tintometer Ltd., Salis- 
bury, England, 1959. 30s. 

International Review of Cytology. vol. 
8. G. H. Bourne and J. F. Danielli, Eds. 
Academic Press, New York, 1959. 551 
pp. $13. Contents: “The structure of cyto- 
plasm,” “Wall organization in plant 
cells,” “Submicroscopic morphology of the 
synapse,” “The cell surface of Parame- 
cium,” “The mammalian reticulocyte,” 
“The physiology of chromatophores,” 
“The fibrous components of connective 
tissue with special reference to the elastic 
fiber,” “Experimental heterotopic  ossifi- 
cation,” “A survey of metabolic studies on 
isolated mammalian nuclei,” “Trace ele- 
ments in cellular function,” “Osmotic 
properties of living cells,” “Sodium and 
potassium movements in nerve, muscle, 
and red cells,” and “Pinocytosis.” 

International Review of Neurobiology. 
vol. 1. Carl C. Pfeiffer and John R. 
Smythies, Eds. Academic Press, New 
York, 1959. 395 pp. $10. 

An Introduction to Electronic Data 
Processing. Roger Nett and Stanley A. 
Hetzler. Free Press, Glencoe, Ill., 1959, 
287 pp. $6.75. 

Kinematic Analysis of Mechanisms. Jo- 
seph Edward Shigley. McGraw-Hill, New 
York, 1959. 361 pp. $7.75. 

Lectures on Fourier Integrals. Salomon 
Bochner. With an author’s supplement on 
monotonic functions, Stieltjes integrals, 
and harmonic analysis. Translated from 
the original by Morris Tenenbaum and 
Harry Pollard. Princeton Univ. Press, 
Princeton, N.J., 1959. 341 pp. Paper, $5. 

A Manual for Histologic Technicians. 
Ann Preece. Little, Brown, Boston, Mass., 
1959. 228 pp. 

Mathematical Programming and Elec- 
trical Networks. Jack B. Dennis. Tech- 
nology Press and Wiley, New York; Chap- 
man and Hall, London, 1959. 192 pp. 
$4.50. 

Measurement. Definitions and_ theories. 
C. West Churchman and _ Philburn 
Ratoosh, Eds. Wiley, New York; Chap- 
man and Hall, London, 1959. 282 pp. 
$7.95. 

Protein and Amino Acid Nutrition. 
Anthony A. Albanese, Ed. Academic 
Press, New York, 1959. 616 pp. $16. 

Races and People. William C. Boyd 
and Isaac Asimov. Abelard-Schuman, 
New York, 1959. 189 pp. $2.75. 
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Dissipation of 
Planetary Atmospheres 


Abstract. Escape-level density is ap- 
proximately inversely proportional to grav- 
ity and with decreasing mass will tend 
toward that of interplanetary gas. When 
this value is reached, dissipation must 
cease. The minimum possible ground 
density of lunar air is calculated to be 
10°'? that of the air at normal tempera- 
ture and pressure. Ionization creates a 
binding electrostatic charge at the escape 
level. 


Jeans’ theory of molecular dissipation 
is of fundamental importance to the 
study of planetary atmospheres (/). It 
applies, however, to a greatly simplified 
atmospheric model and leaves many 
important aspects of the situation out of 
account. 

Jeans considers an atmosphere in 
isothermal equilibrium which thins out 
upward according to the formula 


oz = poe—2hmga [z/(a + z)] (1) 


Where p, is the atmospheric density at 
a height z above the surface of the 
planet; py is the atmospheric density at 
ground level; e is the base of natural 
logarithms; h is 1/2RT (R being the 
gas constant and T the absolute tem- 
perature of the atmosphere, which is 
the same throughout by definition); m 
is the mean molecular weight of atmos- 
pheric gases; g is the surface gravity; 
and a is the semidiameter of the planet 
in question. 

Now, a real planetary atmosphere is 
not even approximately isothermal, and 
Jeans’ treatment is significantly wrong, 
as has been pointed out by Lyman 
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Reports 


Spitzer, Jr., (2), by reason of the dif- 
ference in the temperature of the atmos- 
phere at ground level and at the escape 
level where molecular collisions become 
so infrequent that they can be neglected 
in practice and where any molecule 
having an outward or “positive” velocity 
equal to or exceeding the velocity of 
escape will be lost to space. 

It is clear that the actual rate of 
dissipation will depend on the con- 
ditions obtaining at the escape level; 
of these conditions, Spitzer considers 
only the temperature. There are three 
further important factors, which I will 
take up seriatim. 

1) Let p be the atmospheric density 
at the actual escape level. In the at- 
mosphere of a body of small attracting 
mass, this critical density will be 
reached at a greater height, both be- 
cause of the flatter density gradient and 
because of the more marked drop in 
gravity over the increased height itself. 

The important point, however, is 
that p will not be the same for different 
values of g, for the operative condition 
which any given atmospheric level must 
satisfy to be the escape level is that 
molecular collisions above it are so in- 
frequent that they can be neglected in 
practice, which means that the number 
of molecules above it must be sub- 
stantially the same in every case. p 
is proportional to the pressure p and 
ceteris paribus the latter is proportional 
to g, so that, to satisfy the above re- 
quirement, p must be inversely propor; 
portional to g. 

Since, though, the rate of molecular 
dissipation per unit area must be pro- 
portional to p, it, too, will be inversely 
proportional to g at the escape level. 
In the particular case of the moon this 
means that the rate of dissipation as- 
sumed ‘by Jeans is at least 6 times too 
high. 

2) The atmosphere at escape level 
will be unshielded against short-wave 
radiations and exposed to bombardment 
by cosmic rays, so that it must be 
highly ionized. This will increase its 
molecular density v, even though p 
remains the same, by increasing the 
number of free particles. The number 
of collisions will increase pari passu, 


so that the effective excape level will 
rise and the rate of escape will drop, 
although this effect will be counteracted 
by a fall in m, to which the rate of 
escape is very sensitive (7). 

In such ionized gas, or plasma, 
every electron becomes an independent 
particle with a mass of about 1/1800 
that of a hydrogen atom. The square 
of mean molecular velocity, C2 = 
3RT/m, and free electrons will be lost 
very quickly at the escape level. In 
view of their low collisional cross- 
section, they may be taken to diffuse 
equally up and down from the escape 
layer, so that one-half of all free elec- 
trons produced there will be lost to 
space and the other half to the im- 
mediately subjacent layer of the atmos- 
phere. 

As a result, the escape layer will 
acquire a strong positive electrostatic 
charge, and the underlying layer will 
become negatively charged. Thus we 
have here something like an electroph- 
orus, whose charge will tend to grow 
up to a certain maximum, depending 
on the degree of ionization. 

This, however, must generate a con- 
siderable electrostatic force binding the 
escape layer to the subjacent atmos- 
phere. It will, of course, also tend to 
increase the density of this layer and, 
while the numerical consequences of 
this situation remain to be determined, 
it appears likely that the exosphere has 
a well-defined boundary, as indeed 
rocket data would seem to indicate. 

3) It is usually assumed that inter- 
planetary space is a perfect vacuum, 
but this is hardly true within the present 
terms of reference. Indeed, the molec- 
ular density of the inierplanetary gas 
in the vicinity of the earth is about 
10°/cm* (3). 

This gas will offer some collisional 
opposition to the escape of atmospheric 
molecules and be itself subject to gravi- 
tational and electrostatic capture. The 
increment from this source may be not 
inappreciable, and for thin atmospheres 
it may become decisive. 

We have seen under (/) that the 
rate of escape depends on the molecular 
density v at the escape level, which 
decreases with the mass of the attract- 
ing body. In doing this it will steadily 
draw closer to the molecular density 
of the interplanetary gas, which will 
be able to offer an increasingly effective 
resistance to atmospheric dissipation. 

No certain data are available here, 
and this reasoning is not exhaustive, 
but it is worth pursuing and leads to 
a somewhat paradoxical situation, for 
once v has dropped to the density of 
interplanetary gas, dissipation becomes 
impossible. In other words, the atmos- 
phere of a, body of sufficiently small 
mass becomes indestructible. 
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The critical mass is yet to be deter- 
mined, but it appears that asteroids 
may be able to retain appreciable 
gaseous envelopes which they could 
have acquired by gravitational and 
electrostatic capture of interplanetary 
gas, its concentration by sorption on 
their surfaces [particularly effective if 
their surfaces are porous or dust- 
covered (4)], and radioactive decay of 
their lithosphere and the liberation of 
such gases as may be occluded in it. 
Yet such atmospheres would be sub- 
stantially lost by more massive bodies. 

Even so, the latter could not lose 
their atmospheres completely, for the 
agencies mentioned above will be at 
work on them as well. There must, 
therefore, exist a lower limit. below 
which the ground atmospheric density 
cannot fall. This limit will depend on a 
host of factors, too numerous and too 
uncertain for generalization in useful 
mathematical terms. If, however, gravi- 
tational action is considered alone, the 
limiting ground density can be readily 
determined in the known case of the 
moon. The accuracy of such an esti- 
mate cannot go beyond the order of 
magnitude, so that there would be no 
point in more than a rough numerical 
calculation. 

Let us assume that the moon is 
surrounded by an isothermal atmos- 
phere obeying Eq. 1 at a temperature 
T = 250°K and having a mean molec- 
ular weight 25 (it would be much 
higher in reality). By definition, this 
atmosphere is due solely to the gravita- 
tional concentration of interplanetary 
gas, the molecular density of which may 
be taken to be the same as it is in the 
vicinity of the earth, that is, about 10°. 

The atmosphere of the earth is 
known to extend in attenuated form up 
to 1000 km or so. That of the moon 
should extend farther out, owing to the 
lower surface gravity. To be on the safe 
side, we may take 1000 km = 108 cm 
as the upper limit z of this lunar atmos- 
phere and put g = 150 cm*sec™ (be- 
low the real value). 

Equation 1 may be written thus: 


ve = we—zhmega [z/(a + z)] (2) 


where v: is the molecular density at z 
and v, is the molecular density at 
ground level. Our problem is to find vp. 


vo = prezhmga [z/(a + z)] (2) 


Numerically, putting R ~ 8 x 107 
and a ~ 10° cm, 


vo = 10° x ¢150/16 


whence, upon carrying out the opera- 
tions, v. is approximately 1.9 x 107. 

The molecular density of any gas at 
normal temperature and pressure on the 
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earth is given by Loschmidt’s number 
n = 2.69 Xx 10'%, Thus the ground 
density of lunar air resulting solely 
from the gravitational concentration of 
interplanetary gas would be of the order 
of 1072 the terrestrial atmospheric 
density at sea level. It will be appre- 
ciated that this represents only the 
lowest possible limit, for it has been 
assumed above that the moon has never 
had any atmosphere of its own, that no 
gases, produced by radioactive decay 
or any other physicochemical processes 
or by meteoritic impacts, are liberated 
from its interior. The concentration of 
gas close to the lunar surface by the 
sorptive action of dust and porous 
pumice-like rocks of which this is ex- 
pected to consist (4) is likewise dis- 
regarded. Moreover, if a convective 
atmospheric layer exists above the 
surface of the moon its density gradient 
will be higher than in the assumed 
isothermal atmosphere (2, 4). 

V. A. FIRSOFF 
Glastonbury, Somerset, England 
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Escape and Avoidance Conditioning 
in Human Subjects without Their 
Observation of the Response 


Abstract. An 
twitch increased 


invisibly small thumb- 
in rate of occurrence 
when it served, via electromyographic 
amplification, to terminate or postpone 
aversive noise stimulation. Subjects re- 
mained ignorant of their behavior and its 
effect. Their cumulative response curves 
resembled those obtained in similar work 
with animals. Other subjects, informed of 
the effective response, could not produce 
it deliberately in a size small enough to 
qualify for reinforcement. 


When the human subject has “vol- 
untary control” of the response to be 
conditioned, experimental results are in 
general less predictable and reproduci- 
ble than those obtained from animals. 
This is commonly attributed to “self 
instruction”—that is, to variables ex- 
perimentally uncontrolled. In the study 
reported here this problem was cir- 
cumvented by working with a response 
so small as to preclude a history of 
strengthening through discriminable ef- 
fect upon the environment—in fact, so 
small as to occur unnoticed by the sub- 
ject. 


The electromyographic setup em- 
ployed was a modification of that 
previously reported (J). The subject 
sat in a shielded enclosure in a re- 
clining chair. Recording electrodes were 
attached to the palmar base of the left 
thumb and to the medial edge of the 
left hand. Three additional sets of 
dummy electrodes were applied in some 
instances, to suggest that a compre- 
hensive study of body tensions was 
being conducted. Muscle-action poten- 
tials across the left hand were amplified 
by a factor of 1 million and rectified, 
and their average momentary values 
were displayed on a meter. They were 
also permanently recorded by an 
Esterline-Angus recording _ milliam- 
meter. 

Twenty-four adults served as sub- 
jects. Records from 12 were ruined by 
apparatus failure, excessive artifact, or 
failure of the subject to sit still. Results 
are reported from eight men and four 
women ranging in age from 18 to 50 
and divided into four groups of three 
each. 

Group 1, with four sets of electrodes 
attached, were told that the study 
concerned the effects on body tension 
of noise superimposed on music. Their 
task was to listen through earphones 
and, otherwise, do nothing. Group 2, 
also with all electrodes attached, were 
told that a specific response, so small 
as to be invisible, would temporarily 
turn off the noise or, when the noise 
was not present, postpone its onset. 
Their task was to discover and make 
use of the response. Group 3 (with 
recording electrodes only) were in- 
formed that the effective response was 
a tiny twitch of the left thumb. Group 
4 were given the same information as 
group 3 but had, in addition, a meter 
before them during the first half-hour 
of conditioning, which provided a po- 
tential basis for them to use the visual 
presentation of their response as a 
“crutch” for proprioceptive observa- 
tion of the response. 

Experimental procedure was identical 
for all groups. While the subject re- 
laxed and listened to tape-recorded 
music through earphones, the experi- 
menter watched the meter on his panel 
for .5 to 10 minutes to select for later 
reinforcement a response of a size 0c 
curring not more than once in 1 oF 
2 minutes. It was a ballistic swing of 
the pointer up and back over a few 
scale divisions. This represented, for a 
particular subject, a momentary voltage 
increment at the electrode of 1, 2, or 
3 pV. 

After the operant level for this re 
sponse had been recorded for 10 mint 
utes (OL J in Fig. 1), conditioning 
was begun by superimposing on the 
music an aversively loud, 60-cycle hum. 
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Fig. 1. Cumulative response curves for 
adult human subjects in a situation where 
an invisibly small and unnoticed thumb- 
twitch either terminated or postponed noise 
stimulation. OL 1 and 2, initial and ter- 
minal operant level determinations, re- 
spectively; ex., extinction. 
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Whenever the experimenter saw of the 
meter an instance of the selected re- 
sponse, he pressed a key. This turned 
off the noise for 15 seconds or, when 
it was already off, postponed noise re- 
sumption for 15 seconds. [This type of 
avoidance schedule, mentioned in 1950 
(2), has been extensively employed by 
Sidman in animal work (3).] 

After an hour of conditioning, with 
a 5-minute intermission at the half-hour 
point, 10 minutes of extinction oc- 
curred during which the subject’s re- 
sponse was ineffective in terminating 
continuously present noise. During final 
10 minutes of music only, the extent of 
recovery of the original operant level 
was recorded. 

Figure | presents cumulative response 
curves for each subject. Conditioning 
is clearly indicated by the positive 
acceleration in the rate of responding 
for all subjects except subjects 2 and 3 
in group 3. These two kept so busy 
producing voluntary thumb-twitches 


that the small, reinforceable type of 


response had little opportunity to occur. 

When interviewed later, all members 
of group 1 still believed that they had 
been passive victims with respect to 
the onset and duration of noise, and 
all seemed astounded to learn that they 
themselves had been in control. Sub- 
jects 1 and 2 of group 2 reported that 
they early gave up searching for an 
effective response and thus, in effect, 
transferred themselves to group 1. Sub- 
ject 3 of group 2 professed to have 
discovered an effective response se- 
quence, which consisted of subtle row- 
ing movements with both hands, in- 
finitesimal wriggles of both ankles, a 
slight displacement of the jaw to the 
left, breathing out—and then waiting. 
Subject 1 of group 3 gave evidence 
of conditioning perhaps because he 
misconstrued the instructions. Instead 
of making the response a quick con- 
traction, he spent his time very grad- 
ually increasing pressure on an imagi- 
nary switch button. This may have kept 
deliberate activity at a level low enough 
for the correct response to break 
through and be reinforced. 

Group 4 subjects, provided with their 
own meter, obtained many more rein- 
forcements than the others, an effect 
which continued through the second 
half-hour of conditioning, with the 
meter removed. While the meter did not 
enable them to achieve direct control of 
the discrete response, it seems to have 
provided a basis for rapid responding 
within a range which included the re- 
inforced size. This showed on the meter 
as rapid oscillation. 

The technique employed in_ this 
study (4) offers possibilities for investi- 
gating human behavior, in a sense, at 
the animal level. Research now in 


progress is concerned with attempts to 
clarify the circumstances under which 
the human subject may come to dis- 
criminate verbally—that is, to become 
conscious of—his small responses. 
RALPH F. HEFFERLINE 
BRIAN KEENAN 
RICHARD A. HARFORD 
Department of Psychology, 
Columbia University, New York 
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Elementary-Body Virus Isolated 
from Clinical Trachoma 
in California 

Abstract. From an adult white resident 
of California with clinically typical early 
trachoma a virus was isolated by growth 
in embryonated eggs. Morphologically and 
serologically the virus belongs in the 
psittacosis-lymphogranuloma group. When 
it is instilled into monkey eyes it produces 
acute follicular conjunctivitis with typical 
inclusion bodies. 


It is estimated that over 400 million 
people, mainly in Africa, Asia, and 
parts of Europe, suffer from trachoma 
as a serious eye disease. In the United 
States this disease was widespread in 
the past, but at present it occurs only 
at a low endemic level, most frequently 
in the West and Southwest. In San Jose, 
Calif., indigenous clinical cases of 
trachoma occur occasionally. 

On morphological grounds the ele- 
mentary bodies and inclusion bodies 
found in the conjunctival scrapings 
from many patients with trachoma have 
long been accepted as the probable 
etiological agent. Recently T’ang et al. 
(7), Collier and Sowa (2), and Murray 
et al. (3) have grown from trachoma- 
tous eyes in China, Gambia, and Ara- 
bia, respectively, strains of elementary- 
body viruses antigenically related to 
the psittacosis-lymphogranuloma group. 
Upon inoculation into the eyes of vol- 
unteers, some of these viruses have 
produced typical acute trachoma (2). 
We report here the isolation of a 
similar agent from a patient with clini- 
cal trachoma in California. 

A 36-year-old white machinist, a 
long-time resident of San Jose, devel- 
oped a red left eye on 10 Jan. 1959, 
with moderate yellow discharge and a 
nontender left preauricular lymph node. 


1339 











Fig. 1. Inclusion body in epithelial cell of 
patient’s conjunctiva. 





in conjunctival 


Fig. 2. Inclusion body 
epithelial cell of Macacus cynomolgus 
inoculated three days earlier with sixth- 
egg-passage virus (Bour). 


His physician prescribed  1-percent 
chloramphenicol eyedrops, which he in- 
stilled for the next 26 days, with some 
symptomatic improvement. On 12 Feb- 
ruary a similar conjunctivitis developed 
in the right eye, with marked photo- 
phobia. Neomycin-polymyxin eyedrops 
were administered for 4 days. On 16 
February the inflammation in the left 
eye suddenly increased markedly, and 
gross keratitis appeared. Clinical exam- 
ination on 17 February revealed bi- 
lateral papillary hypertrophy, with 
buried follicles of the upper tarsi, 
microscopic pannus and corneal in- 
filtrates, and palpable  preauricular 
lymph nodes. Scrapings from the upper 
tarsal conjunctivas showed many in- 
clusions typical of trachoma (Fig. 1). 
Bacterial cultures were negative. The 
patient was treated with topical tetra- 
cycline and oral methylsulfapyridazine 
(S00 mg daily) from 19 Feb. to 15 
Apr. 1959, with gradual disappearance 
of all clinical and microscopic signs of 
trachoma. At present he appears healed. 

Conjunctival scrapings were collected 
on 17 and 19 February in broth-saline 
containing streptomycin (1000 pg/ml) 
(1, 2). After 1 hour at 4°C they were 
injected into the yolk sac of 6- and 
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8-day-old embryonated eggs. In this 
first egg passage there was no mortality, 
and no elementary bodies were seen in 
smears of the yolk sac stained in ac- 
cordance with Macchiavello or Giemsa 
techniques. Elementary bodies were 
seen in five of six eggs of the second 
passage sacrificed on days 9 and 10 
after inoculation. In the third egg pas- 
sage all embryos died between the 
fourth and the eighth day after inocu- 
lation, and elementary bodies were seen 
in profusion. At present this virus strain 
(Bour) in the seventh egg passage has 
an egg LD,, of 10°*:°. The elementary 
bodies conform in size and staining 
properties with those grown by others 
from trachoma patients (/-—3). Four 
monkeys (Macaca cynomolgus) were 
inoculated in one eye with a 20-percent 
yolk-sac suspension of  sixth-passage 
virus and in the other eye, with normal 
yolk sac. Two to six days later they all 
developed follicular conjunctivitis, and 
conjunctival scrapings contained many 
typical inclusion bodies (Fig. 2). 

The patient’s serum, drawn on 19 
February, fixed complement in a 1:64 
dilution with psittacosis or Lygranum 
antigens. Antigens prepared from a 
yolk-sac pool of virus (Bour) fixed 
complement with antisera to psittacosis 
virus (4). 

This appears to be the first isola- 
tion of an elementary-body virus of 
the psittacosis-lymphogranuloma group 
(“trachoma virus”) from a typical case 
of trachoma arising in the United States. 
Many intriguing questions are now 
under study, including the relationship 
of this virus (Bour) to inclusion 
blennorrhea and to the elementary- 
body viruses isolated fronr trachoma in 
other parts of the world, the toxin pro- 
duction and pathogenetic potential of 


this agent, and its biological and 
epidemiological characteristics (5). 

L. HANNA 

P. THYGESON 

E. JAWETZ 


Francis I. Proctor Foundation, 
University of California 
Medical School, San Francisco 

C. DAwson 
Epidemic Intelligence Service, 
Communicable Disease Center, 
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Growth Inhibitor in Immature 
Soybean Seeds and 2,4-D-Sprayed 
Soybean Seedlings 


Abstract. A naturally occurring inhibitor 
of seed germination has been isolated by 
ion-exchange chromatography from soy- 
bean seeds and seedlings. The inhibitor 
was present in large amounts in immature 
seeds and in seedlings sprayed with 2,4-D. 
The inhibitor acted as an “uncoupler” when 
applied to soybean root tips or mito- 
chondria. 


Our concurrent studies on the inhibi- 
tion of germination in immature soy- 
bean seeds (Galitz) and on the inhibition 
of growth in soybean seedlings by 
2,4-dichlorophenoxyacetic acid (2,4-D) 
(Key) indicated that a common com- 
pound was responsible for the two in- 
hibitions. In the studies of growth in- 
hibitions that resulted from spraying 
seedings with 5 & 10“M 2,4-D, soy- 
bean hypocotyls were extracted with 
0.6M cold perchloric acid. The extracts 
were cleared of perchlorate and chro- 
matographed on Dowex-1-formate for 
separation of nucleotide components (J). 
One elution peak (designated C in this 
report) increased about twofold in 
seedlings which had been sprayed with 
2.4-D 24 hours before extraction. Com- 
pound C eluted from the ion-exchange 
column between adenosine monophos- 
phate and guanosine monophosphate 
when a gradient of formic acid was the 
eluent. There was a positive correlation 
between the concentration of compound 
C and the growth inhibition induced by 
2,4-D. Further investigation showed 
that compound C was present in mature 
soybean seeds and young seedlings but 
declined rapidly during germination in 
the absence of 2,4-D treatment. 

Galitz (2) reported the presence of a 
water-soluble inhibitor in immature 
soybean seeds. These seeds could be 
induced to germinate by leaching with 
water for 2 to 4 hours. The leachate ob- 
tained from these seeds would retard 
elongation of radicles excised from ma- 
ture seeds. Immature seeds were there- 


fore investigated for the presence of C. ° 


Figure 1 shows the elution chroma- 
togram of perchloric acid extracts of im- 
mature soybean seeds collected 25 to 
30 days after flowering. The dry weight 
of such seeds was approximately 25 
percent of the dry weight of mature 
seeds. Compound C accounted for over 
50 percent of the 260-mz absorbing ma- 
terial. Compound D appeared to be 
derived from C during extraction, for, 
if the perchloric acid extracts were held 
overnight at 2° to 4°C, there was a 
loss of C and an increase in D. The 
amount of C in immature seeds was 2 
to 3 times as great as in mature seeds; 
on a dry-weight basis the concentration 
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was 8 to 10 times higher. Immature 
seeds which were leached in water for 
3 hours lost over half of the C initially 
present. Compound C was the only 
fraction obtained from the perchloric 
acid extracts which was an effective 
growth inhibitor. 

For inhibition studies, compound C 
was isolated from immature soybean 
seeds or frozen green peas (a readily 
available source of material) by ion- 
exchange chromatography, as illustrated 
in Fig. 1, then lyophilized to remove the 
formic acid. The dried residue was 
dissolved in water and adjusted to pH 
5.0 with KOH. Concentrations are ex- 
pressed in terms of optical density at 
260 mu. One “O.D. unit” is that amount 
of C which will give unit optical density 
in 1 ml of solution with 1-cm cuvettes 
in the Beckman DU spectrophotometer. 

Table 1 gives data for the effect of 
compound C on seed germination, on 
root respiration and phosphate accumu- 
lation, and on oxidative phosphoryla- 
tion by mitochondria isolated from soy- 
bean hypocotyls. Mature soybean seeds 
were soaked in the indicated concentra- 
tions of C for 4 hours and then planted 
in moist vermiculite. Germination of 
treated seeds was delayed 24 hours as 
compared with germination of controls 
soaked in water. After 48 hours, 60 to 
90 percent of the treated seeds had 
germinated. The mean length of the 


Table 1. Effects of compound C on germina- 
tion of soybean seeds and on the respiration 
and phosphate uptake of soybean root tips 
and isolated soybean hypocotyl mitochondria. 





Germination of soybean seed 
Units of C per 4 


ml of water 0 1 10 
Length of plant 

(in cm) 

(after 48 hours) 4.5 2.5 2.0 


Activity of l-cm soybean root tips* 
Units of C per 2.5 


ml of buffer 0 $ 25 
Respiration, initial 
15 minutes 780 830 1670 
Respiration, after 
hours 753 809 943 

PO, uptake, 

after 3 hours 0.31 0.26 0.21 

Activity of soybean mitochondriat 

Units of C per 2.5 

ml of buffer 0 1 15 
Qo.(N) 917 885 702 
P/O 2.69 2.27 2.08 
P/N 221 179 130 





*Root tips were placed in Warburg. vessels in 
108M potassium phosphate (pH 5.0) labeled with 
P®, Respiration rate is given as microliters of oO, 
per hour per gram (fresh weight); phosphate 
uptake is given as micromoles of PO, absorbed 
per gram (fresh water). 

+ Mitochondria were isolated and activity was 
determined over a 30-minute period with -keto- 
slutarate as the substrate (8). Qo,(x) is given in 
microliters of O, per hour per milligram of N; 
P/O is given in micromoles of P esterified per 
microatom of O,; P/N is given in micromoles 
of P esterified per hour per milligram of N. 


13 NOVEMBER 1959 

















Cc 

10.0} 
= 
& 80; 
w 

= CMP + Unknown 
ae Te 2+ AMP, DPN 
— 2 
” 
z 
rat 
", 40F 
<q 
cS) 
a 
S$ 20+ 
uoP 
re) 1 1 1 re | 
40 80 120 160 200 400 





TUBE NUMBER 


Fig. 1. Elution spectrum of soluble nu- 
cleotides from immature soybean seeds. 
Seeds were homogenized in 0.6M HC10, 
and centrifuged, and the perchlorate was 
removed from the extract as the K salt. 
The extract was placed on Dowex-1 (for- 
mate) and eluted with a gradient of formic 
acid-ammonium formate (J). ADP, AMP, 
adenosine di- and monophosphate; CMP, 
cytidine monophosphate; DPN, diphos- 
phopyridine nucleotide; GMP, guanosine 
monophosphate; UDP, UMP, uridine di- 
and monophosphate. 


embryonic axis of the seeds that ger- 
minated is given in Table 1. Similar 
responses to compound C were obtained 
with mature corn seeds. 

The application of 25 O.D. units of 
compound C to root tips caused the 
respiration rate to increase markedly in 
the initial 15 minutes; this increase was 
followed by a gradual decline to rates 
comparable to control levels after 1 
hour. Table 1 shows respiration rates 
and the amount of orthophosphate ac- 
cumulated by the tissue in 3 hours. The 
net result in increased respiration and 
in decreased phosphate accumulation 
was similar to that produced by the un- 
coupling agent, 2,4-dinitrophenol. 

Further evidence that compound C 
acts as an uncoupler was given in the 
experiments with mitochondria. Phos- 
phate esterification per unit N was in- 
hibited. Oxidation of «a-ketoglutarate 
was generally depressed, as indicated 
in Table 1, although in occasional ex- 
periments a transitory increase in respi- 
ration was noted. 

It will be noted in Fig. 1 that no 
triphosphate nucleotides were obtained 
from immature seeds. Extracts of hy- 
drated mature seeds contained appre- 
ciable amounts of triphosphate nucleo- 
tides, particularly adenosine triphos- 
phate. This finding and the evidence 
that compound C is an uncoupler of 
oxidative phosphorylation (Table 1), 
suggest that C acts as a growth inhibi- 
tor, at least in part, through inhibition 
of high-energy phosphate production. 

The concept that endogenous inhib- 
itors control seed germination is widely 
held (3), and Evenari (4) has listed over 


100 species from which germination 
inhibitors have been obtained. Com- 
pound C may be an important inhibitor 
of germination in immature seeds. 
Woodford et al. (5) and van Overbeek 
et al. (6) have suggested that the growth 
inhibitions caused by high auxin con- 
centrations may result from the accumu- 
lation of growth inhibitors. The experi- 
ments reported here (7) indicate that 
the inhibitory effects of 2,4-D applied 
to soybean seedlings may be the result 
of the accumulation of C. 

Work on the chemical identification 
of compound C is in progress. Studies 
are also being made of the distribution 
of this compound in various species of 
immature seeds and of its relationship 
to seed germination. 

Jor L. Key 
DonaLp S. GALITz 
Department of Agronomy, 
University of Illinois, Urbana 
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Discrimination Learning 


Abstract. Eight rats were run through 
discrimination training sessions ‘in which 
responses in the dark were not reinforced 
whereas the first response after the onset 
of a light was reinforced. The procedure 
generated orderly learning and latency 
data for the individual animal. The latency 
distributions are adequately described by a 
simple mathematical formulation. 


The present study was designed, first, 
to determine the extent to which orderly 
discrimination learning curves for in- 
dividual animals could be simply ob- 
tained and, second, to test the adequacy 
of a mathematical formulation de- 
veloped by Mueller (7) for describing 
latency data. 

The subjects were eight naive, adult, 
male albino rats which had been de- 
prived of water for 224% hours at the 
start of each experimental session. The 
apparatus, consisted of a response 
chamber through one wall of which a 
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response lever was inserted. Depression 
of this lever could activate a dipper 
which delivered the reinforcement, a 
drop of water. A stimulus light was 
mounted directly above the lever. The 
response chamber was housed in a 
sound-shielded, light-proof room in 
which a random noise generator masked 
external sounds. The programing and 
recording devices were housed in a sep- 
arate room. 

Each rat was first given a %-hour 
operant level session—that is, a session 
in which it had free access to the lever 
but in which no reinforcements were 
delivered. Each rat was then trained to 
approach and drink from the dipper on 
hearing it operate and, subsequently, to 
depress the response lever to operate 
the dipper. Once the animal had learned 
to press the lever, it was given three 
sessions during which each response 
was reinforced (a total of 375 rein- 
forcements). The stimulus light was on 
throughout each of these sessions. 

The procedure was then changed so 
that the animal, in order to receive 
reinforcements, was required to make 
a discrimination—that is, to respond 
when the stimulus light was on and not 
to respond when the stimulus light was 
off. Each response recycled a timer set 
for a 20-second interval. When this 
time had elapsed, the light came on in 
the response chamber. The first re- 
sponse in the light activated the dipper, 
which delivered a drop of water, turned 
out the light, and recycled the timer. 
A response in the dark, on the other 
hand, recycled the timer but did not op- 
erate the dipper. Thus, the onset of 
light was always 20 seconds after a 
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Fig. 1. Discrimination indices for each rat 
in each session. The animal’s number ap- 
pears in each graph. 
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Fig. 2. The proportion of latencies (time 
from onset of light to time of response) 
greater than ¢ plotted for each rat in ses- 
sion 10. The curves describe the equation 
e-"', where r is the reciprocal of the mean 
latency. 


response; an animal that never spaced 
its responses at least 20-seconds apart 
received neither a presentation of light 
nor a response reinforcement (2). Ten 
daily 1-hour sessions of discrimination 
training were given. The time that 
elapsed between each onset of light and 
the subsequent response was recorded 
in sessions 9 and 10. , 

The response data are treated in 
terms of a “discrimination index” com- 
puted for each rat in each session. This 
index of learning is the ratio of the 
number of responses made in the light 
to the total number of responses (those 
made in the light plus those made in 
the dark). As the animal learns, an in- 
creasingly large proportion of the total 
number of responses occurs in the light; 
the index can accordingly shift from 0 
to 1 as learning progresses (3). Such 
discrimination indices, plotted for each 
rat, are shown in Fig. 1. 

With each occurrence of an inter- 
response time of at least 20 seconds, 
the stimulus light appeared and, within 
a brief period, the animal depressed 
the lever. The procedure provided, then, 
latencies measured as time from onset 
of light to time of response. The latency 
distributions obtained in session 10 are 
plotted in Fig. 2. 

The values plotted are the propor- 
tions of responses made after various 
times t on the abscissa. If an animal 


emitted ten responses with a latency of 
1 second, ten with a latency of 2 sec- 
onds, and ten with a latency of 3 
seconds, for example, the corresponding 
proportions would be 1.00, 0.67, 0.33, 
and 0, plotted against t values of 0, 1, 
2, and 3 seconds, respectively. The 
curves drawn through the points de- 
scribe the equation Y=e"', where Y 
is the proportion of response times 
greater than any time ¢, r is the re- 
ciprocal of the mean latency, and e is 
the natural base of logarithms. 

This equation is one developed by 
Mueller (J) on the assumption that 
responses are randomly distributed in 
time. In his treatment, r corresponds 
to the response rate developed in a 
“free responding,” operant situation; 
that is, the value of r is given by the 
ratio of the number of responses made 
to the total time available for respond- 
ing. In the present context, then, r is 
equal to the reciprocal of the mean 
latency (4). The curves plotted in Fig. 
2 were drawn by computing the re- 
ciprocal of the mean latency, substi- 
tuting this value in the e’ equation 
for the various ¢ values, and plotting 
the resultant Y values (5). These data 
and the details of procedure have been 
more completely described elsewhere (6). 

Figures 1 and 2 indicate that the 
procedure generated rather orderly 
learning and latency data for the indi- 
vidual animal. It may therefore be of 
some value in assessing the effects of 
various independent variables on these 
kinds of behavior in the single animal, 
as opposed to behavior in some ar- 
bitrary, “average” organism. Further, 
the general adequacy of the e~"' equa- 
tion in describing the data of Fig. 2 
(7) suggests that this equation could be 
useful as a starting point for the de- 
velopment of mathematical descriptions 
of certain more complex forms of be- 
havior. 

PETER L. CARLTON’ 
U.S. Army Medical Research 
Laboratory, Fort Knox, Kentucky 
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In an operant situation, r is equal to N/T, 

where N is the number of responses and T is 

the time available for responding. Here, N 

equals the number of responses in the light 

and T the sum of all latencies. The mean 

latency is thus T/N, and its reciprocal is r. 

. A more sensitive, and therefore preferable, 
way of treating latency (L) data is in terms 
of the ratios of the frequency of any L to the 
number of opportunities for that L to occur. 
The limitations of the present experiment, how- 
ever, were such that the difficulties inherent in 
the use of this ratio could not be overcome. 
[See D. Anger, J. Exptl. Psychol. 52, 145 
(1956)]. The e-** function is here taken as a 
fairly acceptable first approximation to the 
data. 

6. P. L. Carlton, U.S. Army Med. Research Lab. 
Rept. No. 371 (Fort Knox, Ky., 1958). 

. In the study discussed here the latencies be- 
tween successive responses made during the 
preliminary sessions, when each lever depres- 
sion was reinforced, were not recorded. Data 
from another, unpublished, study suggest, how- 
ever, that the e-"* function, when allowance is 
made for the time the animal spends consum- 
ing the water (reinforcement), provides an 
adequate description of the distributions ob- 
tained under these conditions. 

* Present address: Squibb Institute for Medical 

Research, New Brunswick, N.J. 
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Role of Trehalose in Ascospores 
of Neurospora Tetrasperma 


Abstract. The anthrone-positive material 
extractable in 80 percent alcohol, whose 
disappearance is correlated with the break- 
ing of dormancy, has been found to be a 
non-reducing sugar which yields only glu- 
cose upon hydrolysis. On the basis of its 
crystal structure, infrared spectrum, melt- 
ing point, specific rotation, and chromato- 
graphic properties, this material has been 
identified as trehalose. 


Ascospores of Neurospora remain 
dormant unless provided a heat-shock 
(1), furfural or furfuryl alcohol (2), 
other furans and heterocyclic com- 
pounds (3), or certain organic solvents 
(4). Activation of these cells is accom- 
panied by a 20-fold increase in respira- 
tory rate (5), the origin of which is still 
uncertain. Our recent data have revealed 
that whereas the dormant ascospore 
utilizes endogenously contained lipids as 
the respiratory substrate, activated ones 
consume an endogenous carbohydrate 
fraction which is extractable in 80 per- 
cent ethanol (6). Thus, within a few 
minutes after exposure to temperatures 
which break dormancy, this material 
begins to disappear, and it is almost 
completely exhausted by the time the 
germ tube is protruded. The present re- 
port concerns the analysis of the carbo- 
hydrates in the 80-percent-ethanol- 
soluble fraction and the identification 
of the principal component as the non- 
reducing disaccharide trehalose. 

Weighed aliquots of ascospores were 
killed by boiling in 80 percent ethanol 
for 5 minutes and then were centrifuged 
free of the supernatant fluid. The spores 
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were broken in a Nossal disintegrator 
(7) and defatted by extraction in ethyl 
ether for 24 hours. The defatted cells 
were extracted in 80 percent ethanol at 
60°C until no more anthrone-positive 
material could be removed, after which 
the supernatant was clarified by centri- 
fugation. The extract was decolorized 
by mixing with Norit (1 percent by 
weight) at 60°C; this process was fol- 
lowed by boiling for 15 minutes. After 
removal of the Norit, the extract was 
concentrated under a vacuum until a 
thin syrup was obtained, which was 
added to a mixed-bed resin containing 
Dowex 50 (H*) and Dowex 1 (COs). 
Approximately 95 percent of the an- 
throne-positive materials were recover- 
ed by washing the resin with deionized 
water, and the clear solution was con- 
centrated into a thick syrup, in a vacu- 
um. The syrup was put in a beaker, and 
an equal volume of hot 80 percent 
ethanol was added; the beaker was 
placed in a desiccator at 4°C, and crys- 
tals formed within 24 hours. When left 
undisturbed in the cold for 3 weeks, 
most of the liquid evaporated and large 
numbers of clear orthorhombic crys- 
tals formed, some as large as 4 by 2 mm. 
These crystals were redissolved in 
hot 80 percent ethanol, recrystallized, 
washed again in cold ethanol, and dried 
under a vacuum. The yield, on the basis 
of dry weight of ascospores, was 10.2 
percent; this represented approximately 
78 percent of the anthrone-positive ma- 
terials in the 80-percent-alcohol extract. 

Various analyses of the crystalline 
material were carried out, including 
chromatography with N-butanol, acetic 
acid, and water (4:1:5) as a solvent 
system, and a single spot was found 
which corresponded to trehalose. The 
periodate-permanganate reagent of Le- 
mieux and Bauer (8) was used, and the 
length of time required for the develop- 
ment of the spot was found to be iden- 
tical for the material obtained from the 
ascospores and for an authentic sample 
of trehalose. Therefore, the characteris- 
tics of the crystals obtained from the 
ascospores were compared with those of 
authentic trehalose; the data are sum- 
marized in Table 1. In addition, the 
infrared spectra of these two samples 
were found to be identical when Nujol 
mulls: were observed in a Perkin-Elmer 
model 21 spectrograph (9). Finally, the 
crystalline material was found to be 
nonreducing and liberated only glucose 
upon hydrolysis in 1M H:SQ,, as re- 
vealed by analysis with the glucose 
oxidase system (10). 

Extracts that had not been passed 
through the resins yielded another spot 
upon being chromatographed. Such ma- 
terial, when concentrated, formed not 


Table 1. Comparison of properties of ex- 
tract from ascospores of Neurospora tetra- 
sperma and trehalose. 








Property Ascospore extract Trehalose 
Melting 97°_99° and 96.5°_97.5° 

point 205°—210° and 203°* 
Mixed 

melting 

point 97°-99° and 203°-206° 
fal” +176 +176 

D 

Rt in butanol, 

acetic acid, 

and H.O 0.06 0.06 





* Data from (12). 


only the rhomboidal crystals of trehalose 
but a small number of needie-shaped 
crystals as well. This second substance 
was found also to be nonreducing, but 
it did not give the blue-green color with 
anthrone. For these reasons, and be- 
cause its Rr in the solvent system de- 
scribed above was identical with that 
of mannitol, it was tentatively identified 
as that sugar-alcohol. 

These data suggest that trehalose is 
probably the substrate, soluble in 80 
percent ethanol, whose utilization is 
correlated with the activation of asco- 
spores of Neurospora tetrasperma. In- 
vestigations are now under way to de- 
termine the locus of the metabolic block 
which prevents the consumption of tre- 
halose, thereby restraining the develop- 
ment of the dormant ascospores (//). 

ALFRED S. SUSSMAN 
BANADAKAPPA T. LINGAPPA 
Department of Botany, 
University of Michigan, Ann Arbor 
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Association Affairs 


Program Planned for the 
AAAS Chicago Meeting 


Section and society programs in the 
medical sciences (including dentistry 
and pharmacy), to be presented at the 
Chicago meeting, are given here. Pro- 
grams in mathematics, physics, chem- 
istry, astronomy, geology and geogra- 
phy, the biological sciences, and 
agriculture have been previously an- 
nounced. 


Medical Sciences 


Section N. Four-session symposium: 
“Aging”; cosponsored by AAAS Sec- 
tions F-—Zoological Sciences, I-—Psy- 
chology, K-—Social and Economic Sci- 
ences, and Nd-Dentistry, and _ the 
Gerontological Society; 29 and 30 Dec.; 
arranged by Nathan W. Shock, Balti- 
more City Hospitals. 

Part I: “Implications for Society”; 
Sidney Spector, Council of State Gov- 
ernments, Chicago, presiding. Papers 
will be presented on economic aspects 
(J. W. McConnell, Cornell University) ; 
health and medical care (J. T. Freeman, 
University of Pennsylvania); work and 
retirement (R. J. Havighurst, University 
of Chicago); utilization of the aged 
(Chauncey D. Leake, Ohio State Uni- 
versity). 

Part II: “Aging in Tissues and Cells”; 
Kimball Atwood, University of Chi- 
cago, presiding. Papers on genetics of 
aging (Bentley Glass, Johns Hopkins 
University); aging and development 
(James Ebert, Carnegie Institute of Em- 
bryology, Baltimore); structural changes 
(Geoffrey Bourne, Emory University) ; 
biochemical aspects of aging (Abra- 
ham White, Albert Einstein College of 
Medicine). 

Part III: “The Integrated Organism”; 
Charles B. Huggins, University of Chi- 
cago, presiding. Papers on aging of the 
cardiovascular system (Milton Lan- 
downe, Levindale Hebrew Home and 
Infirmary, Baltimore); the role of the 
endocrines (Gregory Pincus, Worcester 
Foundation for Experimental Biology) ; 
radiation and aging (Phillip Handler, 
Duke University); aging and personal 
relations (Ewald Busse, Duke Univer- 
sity). 
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Part IV: “Theories of Aging”; Allen 
D. Bass, Vanderbilt University, pre- 
siding. Presentation of the 15th Theo- 
bald Smith Award, given by Eli Lilly 
and Company. Vice-presidential ad- 
dress of Section N: “Some of the Facts 
of Aging,” by Nathan W. Shock, Bal- 
timore City Hospitals. Papers on stress 
theories of aging (Hans Selyé and P. 
Prioreschi, University of Montreal); 
dynamic theories of aging (Bernard L. 
Strehler, Baltimore City Hospitals); 
behavioral theories of aging (James E. 
Birren, National Institutes of Health); 
a philosopher looks at aging (Samuel 
E. Stumpf, Vanderbilt University). 

Alpha Epsilon Delta National Pre- 
medical Honor Society. Symposium: 
“Premedical and Predental Education”; 
cosponsored by AAAS Sections C-— 
Chemistry, F—Zoological Sciences, N— 
Medical Sciences, Nd—Dentistry, Beta 
Beta Beta Biological Society, and the 
Colleges of Medicine and Dentistry, 
University of Illinois; 29 Dec.; at the 
University of Illinois College of Phar- 
macy Building, Room 56-B, 833 S. 
Wood Street; arranged by William F. 
Kellow and Edward J. Forrest, Uni- 
versity of Illinois, and Maurice L. 
Moore, Alpha Epsilon Delta; Lloyd 
R. Gribble, West Virginia University, 
presiding. Welcome by Isaac Schour, 
University of Illinois, and introductory 
remarks by Lloyd R. Gribble. Papers 
will be presented on studies of the 
CAT as a predictor of medical school 
achievement (Charles F. Schumacher, 
Association of American Medical Col- 
leges); correlation of the dental apti- 
tude tests with achievement in dental 
school (Grace Parkin, American Dental 
Association); tomorrow’s doctors need 
help today (Russell F. Staudacher, 
Student American Medical Associa- 
tion). Panel discussions will follow on 
the criteria for admission to dental 
school and the criteria for admission 
to medical school. 

A luncheon will be held at the IlIli- 
nois Union Building, 715 S. Wood 
Street; 29 Dec. Address: “Applicants 
in Future Years,” by Herbert E. Longe- 
necker, vice president in charge of the 
Chicago Professional Colleges of the 
University of Illinois. 


American Physiological Society. 
Two-session symposium: “Space Physi- 
ology III”; cosponsored by the Ameri- 
can Astronautical Society; 28 Dec.; 
arranged by Fred A. Hitchcock, Ohio 
State University. 

Part I, Fred A. Hitchcock, presiding. 
Introductory comments: “Space Physi- 
ology in the Second Year of the Space 
Age,” by Fred A. Hitchcock. Papers 
will be presented on protection of hu- 
mans against effects of high-accelera- 
tion stress (James D. Hardy and R., 
Flanagan Gray, Naval Air Development 
Center); simulation of space flight on 
the human centrifuge (Carl C. Clark 
and Randall W. Chambers, Naval Air 
Development Center); the selection and 
training of astronauts for the Mercury 
project (speaker to be selected, Lang- 
ley Research Center); physiological 
aspects of the project Mercury (Stan- 
ley White, Langley Research Center). 

Part II, Fred A. Hitchcock, presid- 
ing. Papers on water recovery systems 
for space craft (Harold Wallman, Gen- 
eral Dynamics Corporation); photosyn- 
thetic. gas exchangers (Richard Benoit, 
General Dynamics Corporation) ; physi- 
ological problems on board an atomic 
submarine (Jack Kinsey, Department 
of the Navy); the radio telemetry of 
nerve action potentials (Roger M. 
Morrell, Montreal Neurological Insti- 
tute, McGill University). 

American Psychiatric Association. 
Four-session symposium: “Roots of Be- 
havior: Animal Behavior”; cosponsored 
by AAAS Section I—Psychology, Di- 
vision of Animal Behavior and Socio- 
biology of the Ecological Society of 
America, and the American. Society of 
Zoologists; 28 and 29 Dec.; arranged 
by Eugene L. Bliss, University of Utah. 

Part I; Francis J. Gerty, Universitv 
of Illinois, presiding. Section I: “The 
Genetics of Behavior.” Papers will be 
presented on individual differences in 
behavior and their genetic basis (Jerry 
Hirsch, Columbia University); the ge- 
netic basis of patterns of reproductive 
behavior in guinea pigs (Robert W. 
Goy, University of Kansas, and Jacque- 
line S. Jakway, University of Nebras- 
ka); inheritance of behavior in mice 
(Jan H. Bruell, Western Reserve Uni- 
versity); genetic and biological deter- 
minants of alcohol preference in mice 
(David A. Rodgers and Gerald E. Mc- 
Clearn, University of California); 
genetics of behavior (William C. Dil 
ger, Cornell -University). Section II: 
“Early Experience.” Paper on “auto- 
nomic reactivity”: situational and expe- 
riential factors (Ethel Tobach and 
Theodore C. Schneirla, American 
Museum of Natural History). 

Part II; Martin W. Schein, Pennsyl- 
vania State University, presiding. Sec- 
tion II: “Early Experience” continued. 
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___Kodak reports on: 


an easy introduction to the chemistry of photography ...a little something 
for the taxpayers... why it’s hard to keep our mind on the store 





Book review 


You visit a camera shop and browse 
among the gleaming new wonders of 
Kodak’s Automatic Age in Photog- 
raphy. Possibly you buy one. Then 
you recall that even in an age of but- 
ton-pushing, principles underlie but- 
tons. You proceed to the Kodak litera- 
ture corner and look for the title 
“Photo Chemistry in Black-and-White 
and Color Photography.” 

It may not be there. In that event 
you show this advertisement to the 
clerk, thereby convincing him that the 
book actually exists and that more- 
over it would mean an easy $1.25 sale 
for him if he would but order it for 
you. He, in turn, may convince you 
that it would be simpler to send $1.35 
to Eastman Kodak Company, Sales 
Service Division, Rochester 4, N. Y., 
and get it directly by mail. See how 
it goes. 

Acquisition accomplished, comes 
time to take the measure of the book’s 
content and worth. 

The early chapters could well be for 
the kiddies, the bright ones that start 
training early for eminence at the 
Science Fair. That simple is the au- 
thor’s approach to the photographic 
process and its history, though he 
writes for an adult who may lack 
knowledge of the difference between 
an element and a compound, yet keep 
up the payments on a split-level by his 
skill at something like color printing. 
Even here provocative tidbits sneak in. 
Do you know the difference between 
chemical and physical development? 
Between the preparation of a printing- 
out and a developing-out emulsion? 
What silver iodide does in an emulsion? 

The pace quickens. By page 53, 
where the chapter ‘“‘Chemistry of Color 
Development” begins, the reader is al- 
ready watching dimethyl-p-phenylene- 
diamine and a-naphthol react with sil- 
ver bromide to form indophenol blue 
for the dye image. Soon he is following 
the reasons for the numerous ingredi- 
ents of an actual color developer, as 
we add them one by one. 

124 pp., including index. A triumph 
of exposition, theoretical and practical. 
You are welcome to quote that. 


Microelectronics 


Ever hear of the Diamond Ordnance 
Fuze Laboratories? It’s a Department 
of the Army agency in Washington. To 
support DOFL, the average citizen 
shells out the federal tax on, let us say, 
several gallons of gasoline a year or a 
little tobacco. Since a fuze is a device 
which times an explosion to blow up 
his enemy, he probably wouldn’t mind 


13 NOVEMBER 1959 


the expense if it were explained to him. 
But, mirabile dictu and happy day, 
prospects brighten that the piddling 
investment will pay off beyond the 
dreams of avarice! 

DOFL has spawned “‘microelectron- 
ics,” the shrinking of electronic as- 
semblies to 1/100 normal size. DOFL 
became involved through the proxim- 
ity fuze program, which requires very 
small and exceedingly rugged compo- 
nents. We are involved through certain 
products we make. Microelectronics 
may be bigger than both of us. It may 
make possible the placement of elec- 
tronic devices inside the body, for di- 
agnosis or for replacement or repair of 
human organs with electronic equiva- 
lents. It may permit a new directness 
in the study of the central nervous 
system. 

The theme of microelectronics is that 
if you want environment-immune, 
highly “intelligent” circuitry that can 
handle problems of logic and fit into a 
tenth of a cubic inch of space or so, 
you quit at an early stage of the design 
thinking of transistors, diodes, capaci- 
tors, resistors, and such. Instead you 
think of the circuit as one or more 
plates half a millimeter thick and fab- 
ricated as intricately as necessary out 
of various conductive, semi-conduc- 
tive, and dielectric materials disposed 
among the three dimensions of each 
plate. 

The technique uses Kodak High 
Resolution Plates on which the geome- 
try of the various sub-circuits is photo- 
graphed from drawings at great reduc- 
tion. These then become the masks un- 
der which are exposed to ultraviolet 
light the circuit substrate plates that 
have been coated with Kodak Photo 
Resist. Where the mask passes u-v, 
subsequent processing removes the re- 
sist and lays open the substrate for 
either removal of material or insertion 
of other: materials by evaporation, 


printing, electro-deposition, or chemi- 


cal deposition. 


The next thing to do is to send to Eastman 
Kodak Company, Special Sensitized Prod- 
ucts Division, Rochester 4, N. Y., for a 
reprint of “The DOFL Microelectronics 
Program.” 


Alkylsulfony! from 
different viewpoints 


A gentleman of Oak Ridge called to 
our attention a paper (J. Chem. Soc., 
1957, 2420) which, in the course of 
examining 29 different alkylsulfonates, 
reports ethyl methanesulfonate as one 
of four which effectively inhibit a trans- 
planted rat carcinoma. Previously 
Haddow and Ross (Nature, 177, 995) 
had reported that this particular com- 


pound has the striking feature of 
greater efficiency when administered 
orally in aqueous solution (20 mg/rat/ 
day) than by daily injection of the same 
solution. The sequence of ideas which 
led Haddow and Ross to this finding 
is interesting. 

The initial idea was that chloroethyl- 
amines are potential tumor-growth 
inhibitors. The second idea was to use 
the compound 2-chloroethyl methane- 
sulfonate as a reagent for chloroethylat- 
ing an amino group under mild condi- 
tions. The third idea was to run this 
reaction in vivo instead of in vitro. This 
actually worked. 2-Chloroethyl meth- 
anesulfonate proved an effective in- 
hibitor in the rat both intraperitonally 
and orally, and it induced no signifi- 
cant depression of bone marrow.* The 
fourth idea was to write 2-chloroethyl 
methanesulfonate as CH3SO2OCH>- 
CH 2X and vary the X from Cl to some- 
thing else. With X as fluorine, cyto- 
toxic activity persisted. The big sur- 
prise must have come with X=H, the 
unsubstituted ethyl methanesulfonate, 
the one that works better orally. This 
shifted the spotlight to the other end 
of the molecule, where dwells the 
methanesulfonyl group. 

Our heads buzzing, we gave up try- 
ing to understand the basic biochemi- 
cal issues. Our role is that of store- 
keeper; we must remember that. And 
what methanesulfonates did we have 
in the store? We had n-Butyl Methane- 
sulfonate (Eastman 4671). (There had 
been requests for it. We haven’t had 
time to track down why.) We went to 
work and put Ethyl Methanesulfonate 
on the-stockroom shelf as Eastman 
7830. Then, as a switcheroo, but with a 
certain seriousness of purpose, we 
made Methyl Ethanesulfonate (East- 
man 7876). Perhaps someone will buy 
it who wants a deeper understanding 
of why the interchange of methyl and 
ethyl groups between the ends of the 
molecule depresses but does not de- 
stroy biological activity. 

He will order from Distillation Products 
Industries, Rochester 3, N. Y. (Division of 
Eastman Kodak Company). Our Catalog is 
“Eastman Organic Chemicals, List No. 41.” 
In it are to be found, described and priced, 
some 3700 highly purified organic chemicals 
for research. 


*Incidentally, it also proved powerfully mutagenic 
in Drosophila, giving an unprecedented high ratio 
of visibles to lethals, with strongest effects on the 
youngest germ cells. 


Prices quoted are subject 
to change without 
notice. 
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Papers on maternal behavior and the 
socialization of kittens (Jay S. Rosen- 
blatt and Theodore C. Schneirla, Amer- 
ican Museum of Natural History); im- 
printing (Eckhard H. Hess, University 
of Chicago); the psychophysiological 
effects of infantile stimulation (Sey- 
mour Levine, Ohio State University); 
is early experience different? (John L. 
Fuller and Marcus B. Waller, Roscoe 
B. Jackson Memorial Laboratory). Sec- 
tion III: “Instinctual Behavior.” Papers 
on some neurophysiological aspects of 
insect behavior (Vincent G. Dethier, 
University of Pennsylvania); the limbic 


nervous system and sexual behavior 
(Elliot S. Valenstein, Walter Reed Army 
Medical Center). 

Part III; Eugene L. Bliss, University 
of Utah, presiding. Section III: “In- 
stinctual Behavior” continued. Papers 
on the appearance of sexual behavior in 
platyfish reared .under conditions of 
reduced environmental _ stimulation 
(Evelyn Shaw, American Museum of 
Natural History); a theory of the de- 
velopment of affection and love in 
primates (Harry F. Harlow, University 
of Wisconsin); interaction of hormonal 
and experiential factors in the develop- 
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to electron microscopes— 
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ment of instinctive behavior patterns 
(Daniel S. Lehrman, Rutgers Univer- 
sity); the patterning of sexual behavior 
by genic, hormonal and experiential 
factors (William C. Young, University 
of Kansas); a behavioral approach to 
the study of hunger and thirst (Jean 
Mayer and John Falk, Harvard Uni- 
versity); aggressive and hostile be- 
havior in animals (John P. Scott, Ros- 
coe B. Jackson Memorial Laboratory). 

Part IV; Austin H. Riesen, University 
of Chicago, presiding. Section III: “In- 
stinctual Behavior” continued. Paper on 
maternal behavior in the rabbit and a 
consideration of its endocrine basis 
(M. X. Zarrow and Victor H. Denen- 
berg, Purdue University; Paul B. Sawin, 
Roscoe B. Jackson Memorial Labora- 
tory; and Sherman Ross, University of 
Maryland). Section IV: “Free Ranging 
Behavior of Primates and Nonprimates.” 
Papers will be presented on “behavioral 
sinks’”—environmental situations which 
foster the development of behavioral 
and physiological pathology among so- 
cially structured populations of Norway 
rats (John B. Calhoun, National Insti- 
tute of Mental Health); the phylogeny 
of gangs (David E. Davis, Pennsyl- 
vania State University); correlations 
between field and laboratory studies of 
social development in vertebrate ani- 
mals (Nicholas E. Collias, University 
of California at Los Angeles); group 
composition and behavior correlates in 
primates (R. Carpenter, Pennsylvania 
State University); the social behavior 
of anthropoid primates (Stuart Alt- 
mann, Harvard University). 


Dentistry 


Section Nd. Symposium: “Oral As- 
pects of Aging”; cosponsored by Sec- 
tion N—Medical Sciences and the Ge- 
rontological Society; 28 Dec.; arranged 
by Frank J. Orland, Zoller Memorial 
Dental Clinic, University of Chicago, 
who will preside. Papers will be pre- 
sented on growth and aging of the face 
(Samuel Pruzansky, Center for Handi- 
capped Children, University of Illinois); 
the aging of tissues of the oral cavity 


(Earl O. Butcher and Jules Klingsberg, . 


New York University); histochemical 
and histological age changes in oral 
subepithelial connective tissue (John R. 
Ring, Washington University); aging 
pattern in teeth of different population 
groups (Albert A. Dahlberg, University 
of Chicago); structural age changes in 
human teeth (John Nalbandian and 
Reidar F. Sognnaes, Harvard School of 
Dental Medicine); discussion of selected 
areas for investigation in oral research 
(David Weisberger, Harvard School of 
Dental Medicine and Massachusetts 
General Hospital). 

Symposium: “American Dentistry at 
the Centennial Crossroad”; cosponsored 
by the American Dental Association, 
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INDEX 











FAMOUS 


CHEMICAL REFERENCE. 


Now Greatly Expanded 
in Size and Scope | 


The first new edition of THE MERCK 
INDEX in seven years is now on press. 
Published on a nonprofit basis to serve 
the professions, it is completely up- 
dated, increased in size, and expanded 
by 2,300 new chemical monographs. 
New cross-indexing quickly leads you to 
concise information on any given sub- 
stance—regardless of whether you look 
it up under brand, generic, or systematic 
chemical name. Send reservation certif- 
icate now to receive your copy imme- 
diately on publication early in 1960. 


Luxuriously bound » Now contains 
approximately 1600 pages 


Merck & Co., INC., 

Rahway, New Jersey Dept. S-9 
I wish to receive the new MERCK 
INDEX (Seventh Edition) immediately 
upon publication. Kindly reserve a 
copy in my name at pre-publication 
price of $11.00. 

...+Check enclosed....Bill me for 
price of book plus 40¢ handling 
charge. 








American Association of Dental 
Schools, International Association for 
Dental Research (North American Di- 
vision), American College of Dentists, 
and the American Academy of the 
History of Dentistry; 29 Dec.; arranged 
by Frank J. Orland, Zoller Memorial 
Dental Clinic, University of Chicago, 
who will preside. Papers will be pre- 
sented on dental materials during the 
last hundred years: a brief résumé 
(George C. Paffenbarger, National 
Bureau of Standards); the use of epi- 
demiology in dental research (H. Trend- 
ley Dean, National Institute of Dental 
Research); development of dental 
disease concepts and research informa- 
tion (Robert M. Stephan, National 
Institute of Dental Research); educa- 
tional progress during the last century 
(Shailer Petersen, -American Dental 
Association); review of journalism in 
the dental field (Lon W. Morrey, editor 
of the Journal of the American Dental 
Association); philosophical problems of 
dentistry in its 100th year (Byron S. 
Hollinshead, American Council on Edu- 
cation). 


Pharmacy 


Section Np. There will be four ses- 


sions of contributed papers; 28 and | 


29 Dec. Session I; arranged by John 
E. Christian, Purdue University, with 
George L. Webster, University of Illi- 
nois, presiding. Session II; arranged by 
John E. Christian with John Autian, 
University of Michigan, presiding. Ses- 
sion III; Hospital Pharmacy, arranged 
by George F. Archambault, Department 
of Health, Education, and Welfare, and 
Joseph A. Oddis, American Hospital 
Association, with Joseph A. Oddis pre- 
siding. Session IV; Hospital Pharmacy, 
arranged by George F. Archambault 
and Joseph A. Oddis, with George F. 
Archambault presiding. 
Vice-presidential address by Glenn L. 
Jenkins, Purdue University; 29 Dec.; 


American Hospital Association Head- | 
North Lake | 


quarters Building, 840 
Shore Drive. 
Two-session symposium: “The Sci- 
entist’s Part in Protection of the Pub- 
lic’; 30 Dec.; arranged by John E. 
Christian, Purdue University. Part I: 
“Food, Drug, Cosmetic, and Hazardous 
Chemical Problems”; Joseph V. Swin- 
tosky, Smith, Kline, and French Lab- 
oratories, presiding. Papers will be pre- 
sented’ on the labeling of hazardous 
chemicals—a help or a_ hindrance 
(Bernard E. Conley, American Medical 
Association); pharmaceutical ingredi- 
ents legislation, the problems and ap- 
proaches to solving them (William F. 
Bousquet, Purdue University); the role 
of the cosmetic scientist in protecting 
the public health (Raymond E. Reed, 
The Toni Company); the applications 
of radioisotope tracer techniques to 
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studying the food additive problem 
(John H. Rust, University of Chicago); 
problems in evaluating the safety of in- 
ternational food additives (O. Garth 
Fitzhugh, Department of Health, Edu- 
cation, and Welfare). 

Part II: “Food Additive Legislation”; 
Glenn L. Jenkins, Purdue University, 
presiding. Papers on problems in evalu- 
ating the safety of unintentional food 
additives (A. J. Lehman, Department of 
Health, Education, and Welfare); scien- 
tific judgment in law and regulation 
(Edward J. Matson, Abbott Labora- 
tories); the role of the scientific expert 
under recent food laws (Bernard L. 
Oser, Food and Drug Research Lab- 
oratories, Inc.). A discussion session 
will follow the symposium. 

All the sessions of Section Np are 
cosponsored by the American Pharma- 
ceutical Association Scientific Section, 
the American Association of Colleges of 
Pharmacy, American Society of Hos- 
pital Pharmacists, American College of 
Apothecaries, and the National Asso- 
ciation of Boards of Pharmacy. 


Forthcoming Events 


December 


5-10. American Acad. of Dermatology 
and Syphilology, Chicago, Ill. (R. R. Kier- 
land, First National Bank Bldg., Rochester, 
Minn.) 

6. American Acad. of Dental Medicine, 
mid-annual, New York, N.Y. (A. J. Can- 
nistraci, 2152 Muliner Ave., New York 
62.) 

6-10. American Inst. of Chemical En- 
gineers, annual, San Francisco, Calif. ( 
J. Van Antwerpen, AICE, 25 W. 45 St., 
New York 36.) 

7-12. Algology, UNESCO symp., New 
Delhi, India. (J. P. Correa, South Asia 
Cooperation Office, 21, 


Delhi, India.) 
8-10. Application of Electrical Insula- 
tion, 2nd natl. conf., Washington, D.C.) 


(N. S. Hibshman, AIEE, 33 W. 39 St., 
New York 18.) 

9-15. American Acad. of Optometry, 
Chicago, Ill. (C. C. Koch, 1506-1508 Fo- 
shay Tower, Minneapolis 2, Minn.) 

11-12. American Rheumatism Assoc., 
Detroit, Mich. (F. E. Demartini, Presby- 
terian Hospital, 622 W. 168 St., New York 
32; 

11-12. Association for Research in 
Nervous and Mental Disease, annual, 
New York, N.Y. (R. J. Masselink, 700 W. 


168 St., New York 32.) 
11-12. Oklahoma Acad. of Science, 
Weatherford. (R. Kelting, Life Sciences 


Department, Univ. of Tulsa, Tulsa, Okla.) 

11-12. Salt and Water Metabolism, 
symp., New York, N.Y. (A. P. Fishman, 
New York Heart Assoc., 10 Columbus 
Circle, New York 19.) 

11-12. Texas Acad. of Science, Austin. 
(L. Kennamer, Dept. of Geography, Univ. 
of Texas, Austin 12.) 

16-18. American Soc. of Agricultural 


Curzon Rd., New 
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Supplement No. 3 to the catalog. Address: 
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Engineers, Chicago, Ill. (J. L. Butt, P.O. 
Box 229, St. Joseph, Mich.) 

25-27. Indian Mathematical Soc., 25th 
conf., Allahabad, India. (B. N. Prasad, 
Allahabad Univ., Lakshmi Niwas, George 
Town, Allahabad 2.) 

26-30. American Assoc. for the Ad- 
vancement of Science, ‘annual, Chicago, 
Ill. (R. L. Taylor, AAAS, 1515 Massa- 
chusetts Ave., NW, Washington 5.) 





The following 46 meetings are being 
held in conjunction with the AAAS an- 
nual meeting. 

AAAS Committee on Science and the 
Promotion of Human Welfare (B. Com- 


moner, School of Botany, Washington 
Univ., St. Louis 5, Mo.). 27 Dec. 

AAAS Cooperative Committee on the 
Teaching of Science and Mathematics 
(Brother G. Nicholas, Univ. of Notre 
Dame, Notre Dame, Ind.). 27 Dec. 

Academy Conference (A. M. Winches- 
ter, Stetson Univ., De Land, Fla.). 27-28 
Dec. 

Alpha Epsilon Delta (M. L. Moore, 7 
Brookside Circle, Bronxville, N.Y.). 29 
Dec. 

American Assoc. of Clinical Chemists 
(A. Dubin, Director of Biochemistry, 
Cook County Hospital, Chicago 12, IIl.). 
26-27 Dec. 








New Versatility in Polarographic Analysis 





WIDE-RANGE FISHER ELECDROPODE® 


© Manual or automatic operation 

® Measures concentrations of 0.01 to 
0.00001 equivalents per liter 

© Increased potential range (—3 to +2 
volts) 

® Line-operated, without tubes or 
batteries 

® Separate polarographic cell permits 
thermostating 

e Accessory for amperometric 
titrations 

Modern electronic design has increased 

the usefulness of the all-new Model 65 

Elecdropode. Its extended potential 

range makes possible the accurate qual- 

itative and quantitative analysis of a 

greater variety of inorganic, organic 

and biological materials. There are 


Fisher Scientific Company, 
139 Fisher Building, Pittsburgh 19, Pa. 
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polarographic methods for trace metals 
in alloys or body fluids... for alkaloids 
and antibiotics . . . for oxygen, halides 
and many other positive and nega- 
tive ions. 

Use of a Model 66 Recorder makes 
determinations fully automatic and 
doubles the 400-to-1 sensitivity range. 
The Amperometric Titrimeter® acces- 
sory carries the range down to 10-6 
or lower. 

The stable power supply requires no 
vacuum tubes or batteries, except a 
mercury reference cell. The Elecdro- 
pode runs directly on any 115-volt, 50- 
or 60-cycle a-c line. 

For full details, please write address 
shown below: B-102b 


FISHER 
SCIENTIFIC 


IN THE U.S.A. Chicago Philadelphia IN CANADA 
Boston Cleveland Pittsburgh Edmonton 
Buffalo Detroit St. Louis Montreal 
Charleston, W.Va. New York Washington Toronto 


America's Largest Monufacturer-Distributor of 
laboratory Appliances & Reagent Chemicals 





American Geophysical Union (W. C. 
Krumbein, Dept. of Geology, Northwest- 
ern Univ., Evanston, Ill.). 28 Dec. 

American Meteorological Soc. (K. Spen- 
gler, 3 Joy St., Boston, Mass.). 

American Nature Study Soc. (E. L. Will, 
State Univ. Teachers College, Oneonta, 
N.Y.). 26-30 Dec. 

American Physiological Assoc. (F. A. 
Hitchcock, Ohio State Univ., Columbus). 
28 Dec. 

American Political Science Assoc. (J. 


Robinson, Dept. of Political Science, 
Northwestern Univ., Evanston, Ill.). 28 
Dec. 

American Psychiatric Assoc. (E. L. 


Bliss, General Hospital, Salt Lake City, 
Utah). 28-29 Dec. 

American Soc. of Criminology (D. E. 
J. MacNamara, New York Inst. of Crimi- 
nology, Inc., New York 36). 28-29 Dec. 

American Soc. of Naturalists (A. D. 
Hasler, Dept. of Zoology, Univ. of Wis- 
consin, Madison). 27-28 Dec. 

American Soc. of Plant Taxonomists 
(L. R. Heckard, Dept. of Botany, Univ. 
of Illinois, Urbana). 28-30 Dec. 

American Sociological Soc. (J. S. Cole- 
man, Dept. of Sociology, Univ. of Chi- 
cago, Chicago 37, IIl.). 28-29 Dec. 

American Statistical Assoc. (R. F. 
Winch, Dept. of Sociology, Northwestern 
Univ., Evanston, IIl.). 29-30 Dec. 

Association of American Geographers 
(A. Cutshall, Univ. of Illinois, Navy Pier, 
Chicago 11). 29 Dec. 

Association for Computing Machinery 
(W. F. Cahill, Goddard Space Flight Cen- 
ter, Silver Spring, Md.). 29 Dec. 

Astronomical League (E. Halbach, 2971 
S. 52 St., Milwaukee 19, Wisc.). 26 Dec. 

Beta Beta Beta (Mrs. F. G. Brooks, P.O. 
Box 515, Ansonia Station, New York 23). 
27-28 Dec. 

Chicago Acad. of Sciences (R. A. Ed- 
gren, Chicago Academy of Sciences, 2001 
North Clark St., Chicago 14, Ill.) 29-30 
Dec. 

Conference on Scientific Communica- 
tions (G. L. Seielstad, Applied Physics 
Lab., Johns Hopkins Univ., Silver Spring, 
Md.). 28-29 Dec. 

Conference on Scientific Manpower (T. 
J. Mills, National Science Foundation, 
Washington 25). 28 Dec. 

Ecological Soc. of America (W. C. Ash- 
by, Dept. of Botany, Univ. of Chicago, 
Chicago 37, Iil.). 28-30 Dec. 


Honor Soc. of Phi Kappa Phi (L. R. ° 


Guild, 634 S. Western Ave., Los Angeles 
5, Calif.). 30-31 Dec. 

Illinois Geographical Soc. (Miss M. 
Grant, Morton Junior College, Cicero, 
Ill.). 28 Dec. 

Institute of Management Sciences (M. 
M. Flood, College of Engineering, Univ. 
of Michigan, Ann Arbor). 29 Dec. 

Metric Assoc. (J. T. Johnson, Ravens- 
wood YMCA, 1725 Wilson Ave., Chicago 
40, Iil.). 

Mycological Soc. of America (D. P. 
Rogers, Dept. of Botany, Univ. of Illinois, 
Urbana). 

National Assoc. of Biology Teachers 
(H. E. Weaver, 202 Men’s Old Gym, Univ. 
of Illinois, Urbana). 26-30 Dec. 

National Acad. of Economics and Po- 


SCIENCE, VOL. 130 

















971 
ec. 
0. 
23). 


Ed- 


001 
)-30) 


niv. 


0is, 


hers 
niv. 








EYROT 0 RY D IF CO LABORATORY PRODUCTS 


BIOLOGICS CULTURE MEDIA REAGENTS 


WATER BATH Media for Standard Methods 


SH AKER Culture Media Dehydrated and Prepared 
Microbiological Assay Media 
cnidies pied, wen Tissue Culture and Virus Media 
shaking apparatus inte- Bacterial Antisera and Antigens 
grated with a constant 2 R E 
temperature bath . . . Diagnostic and Serological Reagents 
gnc Sensitivity Disks  Unidisks 
ag Peptones Hydrolysates Amino Acids 
MODEL G76 ; . 
Enzymes’ Enrichments Dyes Indicators 
®@ Variable speed control from 85 to 285 rpm. Carbohydrates Biochemicals 


e pg Yat a to ar temperatures from ambient 
00° Cc. + 0.5° C. 


Sd wilh eccentric stabilizing system imparts uniform 
agitation to all flasks on shaking platform. 


@ Cool, quiet, vibrationless performance. 


Compact. Large capacity for flasks, tubes and ’ : 
beakers. Used with gaseous atmospheres. over 60 years experience 


@ Other models available with reciprocating motion. in the preparation of Difco products aSSUTES 
UNCONDITIONAL 1 YEAR WARRANTY UNIFORMITY STABILITY ECONOMY 
Write for catalog G76-N135S 


NEW BRUNSWICK SCIENTIFIC CO., INC. 


PRECISION LABORATORY APPARATUS 






Complete Stocks Fast Service 


Descriptive literature available on request 


| i 





P.O. BOX 606, NEW BRUNSWICK, NEW JERSEY 


DIFCO LABORATORIES DETROIT 1 











MICHIGAN USA 











A compact f/3.5 
system yielding high 






FICIENCY 


Designed to yield-‘monochromatic illumination at wave- 
lengths ranging between 220 and 2,800 millimicrons 

in the ultra-violet, visible and infrared regions. 

Compact and flexible, Monochromators are convenient to 
use with microscopes, colorimeters, photomieters and 
similar instruments, and can be'set up with auxiliary 
equipment for making transmission, absorption, 
emission, radiation, reflection, fluorescence and 
phosphorescence measurements or irradiation purposes. 





Farrand Grating 


MONOCH ROMATOR 


ween FARRAND OPTICAL CO., INC. 


Specify Bulletin No. 811S BRONX BL\ AND EAST 238t! 


ng. Rese } ey pment. Design and Manufacture of F 
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NEW! SAFE! 
CONVENIENT! 


safe-Na 


‘Baker Analyzed 


REAGENT 


safe-Na is J. T. Baker’s sodium-lead 
alloy containing 10% sodium. safe-Na 
is the modern way to use sodium in safe, 
convenient form for 


DRYING SOLVENTS and 
SYNTHESIS OF ORGANIC 
LEAD COMPOUNDS 


SAFE~—eliminates hazard. safe-Na saves 
time and effort because it is available 
for immediate use. You can use it right 
from the bottle. You avoid the tedious 
use of a die, often employed with metallic 
sodium in drying solvents. 


Tests show that safe-Na reduces water 
content of solvents satisfactorily without 
affecting purity. It is safe to use. There 
is no hazard in disposing of residues: 
they can be placed directly in water. 
safe-Na is available in 1- and 5-lb. bot- 
tles from all J. T. Baker distributors. 


Write for a Product Data Sheet giving 
specifications, typical drying perform- 
ance, and other helpful information, 
*®Trademark registration pending 


J.T. Baker 
T.Baker Chemical Co. 


, 


“ Phillipsburg, New Jersey 
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litical Science (J. Rothrock, Pan American 
Union, Washington 6). 29 Dec. 

National Assoc. for Research in Science 
Teaching (J. C. Mayfield, Univ. of Chi- 
cago, Chicago 37, IIl.). 26-30 Dec. 

National Assoc. of Science Writers (P. 
Fraley, Evening Bulletin, Philadelphia, 
Pa.). 27 Dec. 

National Geographic Soc. (W. R. Gray, 
NGS, 16 and M Sts., NW, Washington 
6). 30 Dec. 

National Science Teachers Assoc. (R. 
H. Carleton, NSTA, 1201 16 St., NW, 
Washington, D.C.). 26-30 Dec. 

National Soc. for Medical Research (R. 
A. Rohweder, NSMR, 920 S. Michigan 
Blvd., Chicago 5, Ill.). 29 Dec. 

National Speleological Soc. (T. C. Barr, 
Jr., Tennessee Polytechnic Inst., Cooke- 
ville, Tenn.). 28 Dec. 

Philosophy of Science Assoc. (W. A. R. 
Ley, Roosevelt College, Chicago, IIl.). 28 
Dec. 

Scientific Research Soc. of America (D. 
B. Prentice, 56 Hillhouse Ave., New 
Haven i1, Conn.). 29 Dec. 

Sigma Delta Epsilon (Miss E. S. Ander- 
son, Stratford Hotel, 25 E St., NW. Wash- 
ington, D.C.). 26-30 Dec. 

Society for General Systems Research 
Mental Health Research 
Institute, Univ. of Michigan, Ann Arbor). 

Society for the History of Technology 
(M. Kronzberg, Dept. of History, Case 
Inst. of Technology, Cleveland, Ohio). 

Society of the Sigma Xi (T. T. Holme, 
56 Hillhouse Ave., New Haven 11, Conn.). 
29 Dec. 

Society of Systematic Zoology (R. E. 
Blackwelder, Southern Illinois Univ., Car- 
bondale). 26-30 Dec. 

Tau Beta Pi Assoc. (R. H. Nagel, Univ. 
of Tennessee, Knoxville). 27 Dec. 

United Chapters of Phi Beta Kappa (C. 
Billman, 1811 Q St., NW, Washington, 


| D&.). 29. Dec. 


| 





27-30. American Anthropological Assoc., 
Mexico City. (W. S. Godfrey, Jr., Logan 
Museum, Beloit College, Beloit, Wisc.) 

27-30. American Astronomical Soc., 
Cleveland, Ohio. (J. A. Hynek, Smith- 
sonian Astrophysical Observatory, 60 
Garden St., Cambridge 38, Mass.) 

27-30. American Folklore Soc., Mexico 
City. (MacE. Leach, 110 Bennett Hall, 
Univ. of Pennsylvania, Philadelphia 4.) 

27-30. American Statistical 
Washington, D.C. (D. C. Riley, 1757 K 
St., NW, Washington 6.) 


27-30. Institute of Mathematical Statis- | 


tics (weather control), Washington, D.C. 
(J. Neyman, Statistical Lab., Univ. of 
California, Berkeley 4.) 


28-29. American Chemical Soc. (Div. 


| of Industrial and Engineering Chemistry), 


symp., Baltimore, Md. (M. A. H. Emery, 
ACS, 18 and K Sts., NW, Washington 
D.C.) 

28-29. Industrial Relations Research 
Assoc., Washington, D.C. (E. Young, Ster- 
ling Hall, Univ. of Wisconsin, Madison. 

28-29 Mechanism of Interfacial Reac- 
tion, American Chemical Soc., annual 
symp, Baltimore, Md. (H. E. Hoelscher, 
Chemical Engineering Dept., Johns Hop- 
kins Univ., Baltimore, Md.) 

28-29. Lepidopterists’ Soc., 10th annual, 








Assoc., | 


NEW DESIGN FOR 
FREAS VACUUM OVEN 


A vacuum oven combining large capacity, 
high temperatures and new convenience 
with modern styling has recently been 
introduced. Designed to meet a variety 
of tasks including semiconductor testing, 
missile component testing, paraffin embed. 
ding as well as anaerobic incubation, the 
oven offers the following features: 


LARGE CAPACITY — 
INCREASED TEMPERATURE 


The 1% cubic foot capacity vacuum 
chamber contains two 12" x 17” shelves 
to allow increased sample capacity. A new 
electronic control system and improved’ 
construction allow the temperature to be 
increased to 223° C with a uniformity 
of + 2.4° C at maximum temperature. 


VERSATILE 


In addition to vacuum testing, the oven 
may be used at pressures up to 2 psi to 
permit sample testing under any atmos- 
phere. Provision is also made to bring 
electrical leads directly into the vacuum 
chamber after a slight alteration. 


CONVENIENT 


Convenience features include a tempera: 

ture selection dial calibrated directly in” 
C and F, a protective outer door to min-_ 
imize heat loss, a vacuum chamber door! 
permitting one hand operation and a com" 
bination vacuum-pressure gauge. 


Full details on the Model 524 Freas) 
Vacuum Oven and other Freas ovens can | 
be obtained through your local distributor | 
or from Precision. Ask for Bulletin 302.7 


Precision Vacuum Pumps are ideal compan: 
ions for this Vacuum Oven. Bulletins 604 and ~ 
607 offer complete pump information. 4 


SINCE 1920 
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3735 WEST CORTLAND ST. 
CHICAGO 47, ILLINOIS 
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Ann Arbor, Mich. (E. G. Voss or W. H. 
Wagner, Dept. of Botany, Univ. of Mich- 
igan, Ann Arbor.) 

28-29. Northwest Scientific Assoc., Spo- 
kane, Wash. (W. B. Merriam, Dept. of 
Geography, State College of Washington, 
Pullman.) 

28-30. American Economic Assoc., 
Washington, D.C. (J. W. Bell, Northwest- 
ern Univ., 629 Noyes St., Evanston, Il.) 

28-30. American Philosophical Assoc. 
(eastern div.), New York, N.Y. (L. Gar- 
vin, Dept. of Philosophy, Univ of Mary- 
land, College Park.) 

28-30. American Physical Soc., Pasa- 
dena, Calif. (K. Darrow, APS, Columbia 
Univ., 116 St. and Broadway, New York, 
N.Y.) 

28-30. Econometric Soc., Washington, 
D.C. (R. Ruggles, Dept. of Economics, 
Yale Univ., New Haven, Conn.) 

28-30. Western Soc. of Naturalists, 
Los Angeles, Calif. (Y. U. Amrein, Dept. 
of Zoology, Pomona College, Claremont, 
Calif.) 

28-31. Phi Delta Kappa, Columbia, 
Mo. (A. G. Clark, 316 Dalzell Ave., Ben 
Avon, Pittsburgh 2, Pa.) 

28-16. Bahamas Surgical Conf., Nas- 
sau. (B. L. Frank, P.O. Box 4037, Fort 
Lauderdale, Fla.) 


January 


1-5. Electrochemical Soc., Chicago, Il. 
(Electrochemical Soc., Inc., 216 W. 102 
St., New York 25.) 

J-5. Institute of Geographers, annual 
conf., Southampton, England. (A. E. 
Smailes, Queen Mary College, Univ. of 
.ondon, Mile End Rd., London, E.1.) 

3-9. Indian Science Cong. Assoc., 4th, 
Bombay. (B. W. Prasad, ISCA, Lakshmi 
Niwas, Georgetown, Allahabad 2, India.) 

5-7. Recent Mechanical Engineering De- 
velopments in Automatic Control, symp., 
London, England. (Institution of Mechani- 
cal Engineers, 1 Birdcage Walk, London, 
§.W.1.) 

6-8. Northeastern Weed Control Conf., 
14th annual, New York, N.Y. (M. G. 
Wiltse, Chairman, Public Relations Com- 
mittee, Dow Chemical Co., 916 Shoreham 
Bldg., 15 and H Sts., NW, Washington 5.) 

7-10. Radioactive Isotopes, 4th intern. 
symp., Bad Gastein, Austria. (R. Hofer, 
Isotopen-Laboratorium, II. Medizenische 
Universitéts Klinik, 13, Garnisongasse, 
Vienna 9, Austria.) 

8-11, Sanitary Engineering Conf., ASCE, 
Cincinnati, Ohio. (E. S. Kirkpatrick, 
ASCE, 33 W. 39 St., New York 18.) 

11-13. American Acad. of Allergy, 
Hollywood-by-the-Sea, Fla. (J. O. Kelley, 
156 N. Milwaukee St., Milwaukee 2, Wisc.) 

11-13. Arctic Geology, 1st intern. symp., 
Calgary, Alberta, Canada. (D. W. R. Wil- 
son, Arctic Symposium Committee, P.O. 
Box 100, Calgary, Alberta, Canada.) 

11-13. Reliability and Quality Control, 
atl. symp., Washington, D.C. (N. S. 
Hibshman, AIEE, 33 W. 39 St., New 
York 18.) 

11-15. Society of Automotive Engineers, 
annual, Detroit, Mich. (R. W. Crory, Meet- 
ings Operation Dept., SAE, 485 Lexington 
Ave., New York 17.) 

11-25. Effects of Atomic Radiation, 
New York, N.Y. (R. Appleyard, Scientific 
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INSTANT 
ROCKET 

EXHAUST 
ANALYSIS 


10,000 complete analyses per second of 
10,000°C. flames now possible with new 


BENDIX* MASS SPECTROMETER 


We offer the basic tool for analysis of fast reactions, such as plasma jets and 
rocket exhaust. Model 14 of the Bendix Time-of-Flight Mass Spectrometer 
combines a high-speed, line-of-sight sample inlet with fast pump-out of the 
analyzer region so necessary for this difficult analysis. Both plus and minus 
flame ions can be analyzed as well as neutral radicals and molecules. 


Our engineering department is ready to work with you on solving your 
specific sample inlet problems, qs well as other research and develop- 
ment projects in the missile and rocket field. 


For complete details on this and other applications, plus a copy of The Dow 
Chemical Company report ‘‘Time-of-Flight Mass Spectrometry and Gas- 
Liquid Partition Chromatography,” contact the Cincinnati Division, Dept. 
E11-20, 3130 Wasson Rd., Cincinnati 8, Ohio. *REG. U.S. PAT. OFF. 


Cincinnati Division Condi” 


CINCINNATI, OHIO 


AVIATION CORP 


Export Sales: Bendix International Division, 205 East 42nd Street, New York 17, New York 
Canada: Computing Devices of Canada, Ltd., Box 508, Ottawa 4, Ontario. 











THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 
and 


THE NATIONAL SCIENCE FOUNDATION 


announce the publication of revised editions of two popular book- 
lists, and the issuance of three new publications of the Science 
Library Program: 


THE TRAVELING HIGH SCHOOL SCIENCE LIBRARY (Sth 
edition, 1959), an annotated catalog of the 200 books in a special 
loan collection being sent to 1700 schools this year, 25¢ a copy. 


THE TRAVELING ELEMENTARY SCHOOL SCIENCE LI- 
BRARY (lst edition), an annotated catalog of the 160 books in a 
special collection being sent to 800 selected elementary schools, 
25¢ a copy. 


AN INEXPENSIVE SCIENCE LIBRARY (3rd edition, 1959), a 
selected and annotated list of over 400 paperbound science books 
suitable for high-school students and non-specialist adult readers, 
25¢ a copy. 


THE AAAS SCIENCE BOOK LIST (1959), an annotated check- 
list of about 900 books recommended for high-school and. public 
libraries prepared with the collaboration of members of the AAAS 
Council ‘and other scientists and educators, $1.00 per copy, net. 


A SELECTED LIST OF CAREER GUIDANCE PUBLICATIONS, 
prepared for high school students and teachers. Single copy free. 


A discount of one-third is offered on orders for 25 or more copies 
of all lists, except The AAAS Science Book List, if sent to a single 
address. Remittances should accompany orders totalling less than 
$5.00. Do not send postage stamps in payment. 


Address orders to AAAS PUBLICATIONS 
1515 Massachusetts Avenue, N.W. 
Washington 5, D.C. 
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Committee on the Effects of Radiation, 
United Nations, New York 17.) 

12-15. Society of Plastics Engineers, 
16th annual conf., Chicago, Ill. (T. A. Bis- 
sell, SPE, 65 Prospect St., Stamford, 
Conn.) 

14-18. American Inst. of Mining, Metal- 
lurgical, and Petroleum Engineers, annual, 
New York, N.Y. (E. O. Kirkendall, 
AIMMPE, 29 W. 39 St., New York 18.) 

17-30. Bahamas Medical Serendipity 
Conf., 2nd, Nassau. (B. L. Frank, P.O, 
Box 4037, Fort Lauderdale, Fla.) 

18-21. American Astronautical Soc., 
6th annual, New York, N.Y. (A. P. Mayer- 
nik, AAS, 6708 53 Rd., Maspeth 78, N.Y.) 

19-21. American Meteorological Soc., 
40th annual, Boston, Mass. (K. C. Spengler, 
3 Joy St., Boston.) 

19-21. Congenital Malformations, CIBA 
symp. (by invitation only), London, Eng- 
land. (G. E. W. Wolstenholme, 41 Portland 
Pl., London, W.1.) 

21-23. American College of Surgeons, 
Louisville, Ky. (H. P. Saunders, 40 E. Erie 
St., Chicago 11, Ill.) 

23-28. American Acad. of Orthopedic 
Surgeons, Chicago, Ill. (J. K. Hart, 116 S. 
Michigan, Chicago 3.) 

24-29. American Rocket Soc., Princeton, 
N.J. (J. J. Harford, ARS, 500 Fifth Ave., 
New York 36.) 

25--28. Institute of the Aeronautical 
Sciences, 28th annual, New York, N.Y. 
(IAS, 2 E. 64 St., New York 21.) 

25-28. Plant Maintenance and Engineer- 
ing Show, Philadelphia, Pa. (R. S. Wol- 
cott, Clapp & Poliak, 341 Madison Ave., 
New York 17.) 

25-29. Stress Measurement Methods, 
symp., Tempe, Ariz. (P. K. Stein, Strain 
Gage Readings, 5602 East Monte Rosa, 
Phoenix, Ariz.) 

27-28. College-Industry Conf., Amer. 
Soc. for Engineering Education, St. Louis, 
Mo. (W. L. Collins, ASED, Univ. of IIl- 
inois Urbana.) 

27-28. Group Therapist, 4th annual, 
AGPA, New York, N.Y. (American Group 
Psychotherapy Assoc., Inc., 1790 Broad- 
way, New York 19.) 

27-29. American Mathematical Soc., 
66th annual, Chicago, Ill. (J. W. Green, 
Univ. of California, Los Angeles 34.) 

27-30. American Physical Soc., annual, 
New York, N.Y. (K. Darrow, APS, Colum- 
bia Univ., 116 St. and Broadway, New 
York.) 

28-30. Mathematical Assn. of America, 
43rd annual, Chicago, Ill. (H. M. Gehman, 
Univ. of Buffalo, Buffalo 14, N.Y.) 


28-30. Western Soc. for Clinical Re- 


search, 13th annual, Carmel-by-the-Sea, 
Calif. (W. N. Valentine, Western Soc. for 
Clinical Research, Univ. of California 
Medical Center, Dept. of Medicine, Los 
Angeles 24.) 

29-30. American Group Psychotherapy 
Assoc., Inc., 17th annual conf., New York, 
N.Y. (American Group Psychotherapy 
Assoc., Inc., 1790 Broadway, New York 
19.) 

31-5. American Inst. of Electrical Engi- 
neers, New York, N.Y. (N. S. Hibshman, 
AIEE, 33 W. 39 St., New York 18.) 

31-7. Pan American Cong. of Ophthal- 
mology, 6th, Caracas, Venezuela. (J. W. 
McKinney, 921 Exchange Bldg., Memphis, 
Tenn.) 
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INTERSCIENCE 


Analytical Chemistry of Polymers, 


Part 1 
Analysis of Monomers and Polymeric Ma- 
terials — Plastics, Resins, Rubbers, 


Fibers 
edited by Gordon M. Kline, 


National Bureau of Standards 
Part 1 of Volume 12 of High Polymers 
describes methods useful in the analy- 
sis of commercial monomers and poly- 
mers, such as elastomers, ion exchange 
resins, textile fibers and plastics. Meth- 
ods are given for impurity determina- 
tions in monomers and for the deter- 
mination of the chemical structure and 
physical properties of polymeric prod- 
ucts. 

1959 684 pages, illustrated $16.50 
Part 2 in preparation 


Probability and Related Topics in 
Physical Sciences 


by Mark Kac, Cornell University 


Volume 1 of a new series, Lectures in | 


Applied Mathematics, is an expansion 
of 12 lectures from the 1957 Summer 
Seminar in Applied Mathematics, Boul- 
der, and introduces probability theory to 
a mature mathematical audience. Its four 
chapters deal with the nature of proba- 
balistic reasoning, tools and techniques, 
probability in problems of classic statis- 
tical mathematics and integration in 
function spaces. Four supplementary 
lectures by Uhlenbeck, Hibbs and van 
der Pol round out the treatment. ~ 


1959 279 pages, illustrated $5.60 
Progress in Inorganic Chemistry, 
Volume 1 


edited by F. A. Cotton, 
Massachusetts Institute of Technology 


In meeting the need for effective com- 
munication among different branches of 
inorganic chemistry, it is written at a 
Ph.D. level by leading researchers. 
Topics include Cyclopendtadienyl and 
Arene Metal Compounds, Solutions of 
Metals in Liquid Ammonia, and Iso- 
cyanide Complexes of Metals. 


570 pages, illustrated In press 


Pyridine and its Derivatives 
In Four Parts 


by Erwin Klingsberg, American 
Cyanamid Co. 


Volume 14 of the series, Chemistry of 
Heterocyclic Compounds 


Pyridine’s unique importance in hetero- 
cyclic chemistry makes the latest volume 
of this series of great significance. All 
reactions are exhaustively discussed by 
14 highly qualified contributors with 
emphasis on practical and preparative 
applications. Pyridine and benzene be- 
havior are compared. This first of four 
parts reviews all of pyridine chemistry 
in light of modern theory and provides 
a thorough introduction to the subject. 


App. 620 pages, illustrated In press 
Parts 2, 3, and 4 in preparation 









PUBLISHERS, INC. 
250 Fifth Ave., N.Y. 1, N.Y. 
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New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation. A coupon for use in making inquiries 
concerning the items listed is included in the post 
card insert. 


™ NULL DETECTOR designed for use 
with bridges is a tuned detector cover- 
ing the frequency range 20 cy to 200 
kcy/sec. Input impedance is 1 megohm 
shunted by 100 pyf. Indication is pro- 
vided by a 2-in. cathode-ray tube with 
deflection of 0.25 in. for 10-yv input. 


| Discrimination against the second har- 
| monic is 40 db. (Boonton Electronics 


Corp., Dept. 189) 


™ CENTRIFUGE for testing has two out- 
board rotating tables mounted on the 
boom. One table, electrically driven, 
may be rotated at 0 to 1800 rev/min 
to provide sinusoidally varying fields. 
The other table, electropneumatically 
operated, permits +90 deg rotation in 
milliseconds to produce high-accelera- 
tion ramp functions. Speed of the main 
arm is controlled through an electro- 


| hydraulic servo system. (Genisco, Dept. 


191) 


™ SHAFT-ANGLE ENCODER provides full- 
scale encoding of 1000 revolutions with 
1000 code positions per revolution. A 
first 1000-position encoder is geared 
100-to-1 to a 100-position encoder, and 
the latter is geared to a 10-position en- 
coder. The device will operate at 
temperatures from 32° to 150°F and 
in vibration environments of 8 g at 
2000 cy/sec. (Datex Corp., Dept. 192) 


™ METERING PUMP is adjustable from 
0 to 6.44 cm* per stroke. Pumping 
pressure can be as much as 354 Ib/in.* 
and is determined by the operating air 
pressure and the bore of the air cylinder. 
The pump is actuated by a solenoid. 
(Airmatic Valve, Dept. 197) 


™ SHOCK INDICATORS indicate shock ex- 
perienced by delicate equipment in ship- 
ment. The units indicate visibly that a 
predetermined permissible level has 
been exceeded. One- or two-plane or 
spherical sensitivity can be provided in 
ranges from 5 to 75 g with +5 percent 
accuracy. The devices are reusable and 
resettable. (Inertia Switch, Dept. 198) 


™ TEMPERATURE RECORDER measures 
and records up to 75 iron-constantan 
thermocouple inputs. The system con- 
sists of an input scanner, self-balancing 
potentiometer, shaft encoders, encoder 
selector, control chassis, programmer, 
digital clock, and electric typewriter. 
Temperature ranges are —30° to 120°, 


250° to 600°, and 0° to 1200°F. Scan- 


Less than 


0.007 % Ash— 


for Highest Accuracy 








left: Platinum crucible, 
with 20 gr. S&S Ash- 
Free Filter Paper 


below: Crucible after 
completed incineration 





Ask for S&S “Ash-Free” 
Analytical Filter Papers 


For many years S&S Ash-Free Analyt- 
ical Filter Papers have been known 
for their extremely low ash content. 
| They have been the choice of chem- 
_ ists who must have the most precise 
working tools. 


To our knowledge, there is no filter 
| paper with lower ash content on the 
| market. In fact, ash content of S&S 
Quantitative Papers is considerably 
lower than all other papers we have 
tested—less than 0.007%. 


Ask your laboratory supply house for 
S&S Analytical Filter Papers—the 
finest, most precise filter paper you 
can specify. Yet S&S quality costs no 
more. If you would like to receive a 
free S&S Filter Paper Sampler, made 
| up of many grades, just mail the 
| coupon below. 





MAIL THIS COUPON FOR FREE SAMPLER 


| Carl Schleicher & Schuell Co. 
i Dept. S-119 Keene, New Hampshire 


L 
_* 
.S a 


Address. 
i Citys State. { 


Goo oe ee oe es os ss 
1387 
: 


4 
s 


Gentlemen: 


Please send me, free, an S&S i 
Analytical Filter Paper Sampler. 





































ning rate is 3 sec per data point. Accu-  ™ MAGNETORESISTOR is a semicon- materials that contain very few radio. 
racy is said to be +1°F in the lower ductor in which electrical resistance is a active contaminants. The tubes have 
ranges and +5°F in the highest range. function of magnetic field, featuring quartz face plates. A tube 3 in. in diam. 
Read-out format is two decimal digits a 10-to-1 change in resistance with an eter has been announced. (Allen B, 
of identification and four decimal applied field of 10 kgauss. The device DuMont Laboratories, Dept. 199) 
digits of temperature. (Datex Corp., utilizes indium antimonide. Typical spec- 
Dept. 200) ifications are: Resistance, 1 ohm +20 # ANALOG MULTIPLIER is said to pro 
percent; power rating, 0.25 watt; tem- vide four-quadrant multiplication with 
™ DROP COUNTER, for fraction collec- perature range, 0° to 100°C; dimen- dynamic accuracy +0.05 percent of 
tion, manufactured by LKB-Produkter sions, % by 2 by 0.03 in. (Ohio Semi- full scale at 500 cy/sec. In the device, 





of Sweden, uses a photoelectric cell conductors, Inc., Dept. 207) one variable is used to control frequen- Ps 
to detect falling drops. Fraction sizes cy deviation about the 1.5 Mcy/sec. 


from 0.1 to 10 ml and of 4, 8, 16, 32, ™ MULTIPLIER PHOTOTUBES for meas-_ reference frequency, while the other 
64, and 128 drops per fraction can be urement of very low levels of radio- variable controls the amplitude of the 
selected. (Ivan Sorvall, Dept. 205) activity are fabricated of selected carrier. Multipliers may be used as 
dividers by manipulation of a single 
relay. An output selection circuit scales r 
output as xx/100, xy/10 or xy. Noise | >> 
level is less than 30 mv, drift less than / 


ISOLATE CHROMATOGRAPH 50 mv in 8 hr. Input impedance is | 
are Vomete) . b 8 . greater than | Mohm; output impedance 


is approximately 0.05 ohm. (Computer 
QUICKLY, ACCURATELY Systems, Dept. 206) 


™ RECORDER for strain-versus-load data | 
is a 24-channel instrument with one, 
two or four active bridge arms. Individ- 


HAMILTON ' 7 
ual graphs and three zero positions are 
FRACTION provided for each channel. Either 4 


or 24 gage-factor controls and range 
COLLECTOR selectors are furnished. Adjustment of 
zero and gage factor is automatic, 
(Gilmore Industries, Dept. 201) 


a. 








































You can isolate exceedingly pure gas 


: ; tentiometer type 

romatograph fractions for supplemen- ™ VOLTMETER of po 
chro it ; PP measures from 0 to 10 volts d-c on 
tal analysis with this single instrument— either polarity with accuracy said to 


be -+-0.025 percent plus 3 xv in porta- 
ble operation. Read-out is provided by 
the “Freeze-Out” method of fraction col- six decade switch dials with resolution 


' ‘ ‘ of +10 ev and by a panel galvanometer 
lection, capturing the sample in a U tube for fractional microvolt resolution. Sta- 


“EP illed to liquid bility of reference supply is said to be 
on: ultra, pure silica sand chilled q +-0.005 percent for line variation from 


nitrogen temperatures... providing up to 107 to 127 volts. (Siegler Corp., Dept. 
202) 


the Hamilton Fraction Collector! It uses 


98% plus recovery! 


: ™ ULTRASONIC WELDER for small and 
e Rapid, easy, one stroke operation delicate assemblies accomplishes weld- 


: : . . ing without melting and without passage 
. ta a eee ne tor of electric current through parts to be 
oling tTractions 


joined. Power input is 100 watts. (Aero- 
@ 10 second preparation; samples at 5 projects, Inc., Dept. 208) 
second intervals 





™ IMAGE AMPLIFIER uses _ television 





@ Unlimited fractions from single run techniques to show 11-by-11-in. fluoro 
; ; : scopic images on television-type mon 

@ Economical fraction containers, no tors. With this equipment, a radiation 
stopcocks, need no grease rate of 2 mr is said to be adequate for 


diagnostic viewing of a thorax. Acces 
sory equipment to be available in the 
future will permit holding of an image 
Order direct, or write today for literature and prices. without continued irradiation. (Mar 


Also available through your supply house. coni Instruments, Ltd., Dept. 209) 





Cy 
re 


™ SPECTRUM ANALYZER for the range 
HAMILTON COMPANY 50 cy to 100 key/see applies any 2 
9 INC. kcy/sec input band simultaneously 

P. O. Box 307-K, Whittier, California 100 32-cy/sec band-pass filters and 

scans the filter outputs in sequence al 
a rate of 3450 per minute. Resolution 
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These energy-storage and discharge 
capacitors represent G-E custom de- 
sign for optimum cost per joule in 
applications ranging from a few units 


General Electric Energy Storage 
and Discharge Capacitor Systems 
Provide POWER FOR RESEARCH 


GENERAL ELECTRIC CAPACITIVE 
SYSTEMS, backed by over 30 
years of research and develop- 
ment, provide the optimum 
combination of system effi- 
ciency, speed of discharge and 
economy of operation for 
pulsed power research prob- 
lems. 


A COMPLETE G-E SYSTEM, ca- 
pacitors and associated equip- 
ment, can be designed into a 


to million-joule banks. 


package to store energy meas- 
ured in a few or millions of 








nputer 








joules and capable of peak discharge in 
fractions of a second. Coordinated in a 


components. Installation and testing are 
supervised by qualified General Electric 
personnel to assure peak performance. 


WHEN YOUR WORK demands controlled 
power for research with wind tunnels, 
plasma generators, ionic propulsion de- 
vices, or similar equipment, General Elec- 
tric offers a single source of supply. 


FOR OPTIMUM COST PER JOULE and max- 
imum service life commensurate with duty 
cycle, General Electric custom designs ca- 
pacitors, in a wide range of ratings, to fit 
your particular installation requirements. 


FOR FURTHER INFORMATION contact your 




















































d data complete G-E package are matched charg- nearest Apparatus Sales Office or sales 
h one, ing equipment, rectifiers, controls, protec- representative, or write Section 447-15, 
ndivid- tive devices, racks, and various other General Electric Co., Schenectady 5, N. Y. 
NS are 
ther ; 
rang | Progress /s Our Most Important Product 
lent 0 
ymatic. 
dl ENERAL @@ ELECTRIC 
G 
r type} 
d-c on 
said to} 
porta- | 
ded by 
olution 
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yn. Sta- | 
1 to be 
n from 
, Dept. 
all and : 
3 wae Brinkmann features the most complete 
passage line of Micro Manipulators for scientific 
re and industrial operations. Available with 
stereoscopic and compound microscopes 
levielll at magnifications from 10 to 1000 x. Can 
“fluoro: be used singly or paired. Many accessory 
- dial items such as automatic pipette pullers, 
adiatl . ee : ° s 
uate for micro injection devices, pipette holders 
7 <a and microvises are available. For com- 
> in the a . 
n image plete details write Department M. 
(Mar- ee 
9) 
ie range 
any 2.) 
ously 0 
ers and 
uence at INSTRUMENTS INC., 115 CUTTER MILL ROAD, GREAT NECK, NEW YORK 
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is 75 cy/sec with dynamic resolving 
range 35 to 40 db. Variations in ampli- 
tude response are within +3 db. An- 
other model is available with resolution 
250 cy/sec. (Raytheon Co., Dept. 213) 


™ THERMISTOR SLIDE RULE is entered 
with thermistor shape desired and re- 
sistance at 25°C and reads resistance at 
all temperature points of the thermistor 
curve. Dimensions, dissipation and time 
constants, and maximum _ temperature 
limits are also given for several hundred 
thermistors. (Fenwal Electronics, Dept. 
214) 





™ RESISTANCE BRIDGE uses an electronic 
null indicator to permit rapid inspection 
of resistors on an accept-reject basis 
with accuracy said to be + 0.2 percent. 
The range 10 ohm to 11,111,100 ohm 
is covered in 10-ohm steps with toler- 
ance adjustable between +1 and +20 
percent. (Shallcross Manufacturing Co., 
Dept. 217) 


™ KERR-CELL SHUTTER consists of a 
Kerr cell, spark gap, pulse transformer, 
high-voltage power supply, and variable- 
delay trigger generator. Exposure time 
is 30 mysec. Cell aperture is 40 by 40 











THE FLAME SELECTRO is a highly 
versatile burner specially designed 
to provide the glass blower with the 
most appropriate flame for all the 
requirements in the working of 
Pyrex, Vycor and Quartz. The Burner 
incorporates five tips of varying 
orifice sizes which are firmly 
screwed into the turret base in con- 
centric fashion. A precision engi- 
neered venturi type mixer synchro- 
nizes the correct flow of gas and 
oxygen, thus preventing the turbu- 
lence and back-flashes which are 
sometimes emitted by conventional 
burners, 


The Flame Selectro functions equally 
well with natural, manufactured or 
L.°P. gases. It is equipped with an 
extra valve for additional volume for 
use where gas pressure is low (4 
inch water manometer) and oper- 
ates to a high pressure of 10 inches. 
A specially designed injector per- 
mits oxygen pressure ranging from 
5 to 15 P.S.1. 


The unit is sturdily constructed 
from top-quality brass to assure 
durability and trouble-free perform- 
ance. Base is iron finished in baked 
enamel and is attached to the 
burner by means of a ball joint 
swivel for easy maneuverability. 





DIAL the flame you want 


with the new 
FLAME SELECTRO 


This new, tuiret-type burner provides an almost-unlimited 
range of flames and temperatures, by the dialing of five 
different tips with orifices ranging from 1.5 thru 6 MM. 


CONTINUOUS FLAME—NO TIPS TO CHANGE 





complete with five tips and base . . . Each $79.50 


Cat. No. S-33381 FLAME SELECTRO, 


ORDER TODAY! 





STANDARD SCIENTIFIC 


Supply Corp. 


808 BROADWAY 
NEW YORK 3,N_Y 








mm, 20 mm thick, and transmission 
ratio is 10°. Trigger may be manual, 
contact closure, or step voltage, with 
delay 1 to 125 ysec. (Oltronix Inc,, 
Dept. 211) 


=™ VACUUM PUMP depends on the reac- 
tion between gases and titanium vapor to 
produce vacuums in the range 0.05 to 
1 xX 10° mm-Hg. The device consists 
of a stainless-steel cartridge 7 5/16 in. 
long and approximately % in. diam- 
eter. A source of 60-amp, 3-volt pow- 
er is used to evaporate the titanium. 
Pumping speed is approximately 5 liter 
sec; filament life is approximately 500, 
1-min evaporations at 1 »-Hg or lower. 
Filaments are replaceable. (National 
Research Corp. Dept. 215) 


> 


® COOLING DEVICE for infrared detec- | 
tors operates by expanding 300 lb/in.} 
helium in a %-in. diameter cylinder 
2-in. long. The temperature of the in- 
frared cell is reduced to 60°K. Weight 
of the cooler is 8 oz. (Arthur D. Little, 
Inc., Dept. 212) 


™ NOISE SOURCE consists of a “white- 
noise” generator that can be set for 
constant energy per cycle or per octave, 
feeding through a driver amplifier into 
eight attenuators, each in turn connect- 
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ed to an octave-band filter. Spectrum 
coverage is 20 to 9600 cy/sec with pro-} 
vision for a ninth band 9600 to 19,200] 
cy/sec. Each band can be adjusted to! 
simulate an environmental noise spec- 
trum. (Allison Laboratories, Inc., Dept. | 
216) 


®@ LEVEL-SENSING POTENTIOMETER is 
an air-bubble type in which the fluid is} 
an electrolyte. Electrodes are arranged 
in the curved glass tube so that resist- 
ances between two end electrodes and 
a center electrode are equal when the 
unit is horizontal. When the instrument 
is used as half of a 1000-ohm bridge 
with 12 volts applied, tilting of 0.25 
deg produces an output of 4 volts. Satu- 
ration is reached at approximately %4 
deg. (Hamlin, Inc., Dept. 220) 


™ POWER AMPLIFIER for _particle-ac- 
celerator drive applications is tunable 
from 195 to 205 Mcy/sec, producing 
1-to-20 kw peak pulse output with im 
put pulse power of 50 watts. Pulse repe- 
tition rate is 5 to 60 per second. Pulse 
length is variable from 150 to 400 
psec, with rise time 5 psec from 10 to 
90 percent and droop less than 5 per 
cent. Remote console operation can be 
arranged. (Levinthal Electronic Prod- 
ucts, Dept. 222) 


® TRANSFER-FUNCTION BRIDGE meas- 
ures input and output impedance and 
admittance of two-, three-, and four- 
terminal devices and networks over the 
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GENETICS and 20th CENTURY DARWINISM || fama UPR ULCU AM CTS tence 


Cold Spring Harbor Symposia on Quantitative Biology 








for Partition Chromatography 


and Paper Electrophoresi 
Volume XXIV (1959), 328 + xvi quarto pages, P P . 


with numerous figures 


Authoritative reviews of current problems and research 
trends in evolution. 26 papers, plus edited discussions. 


Table of contents sent on request. 


Previous volumes still available: IX (1941) Genes and 
Chromosomes; XIII (1948) Biological Applications of 
Tracer Elements; XIV (1949) Amino Acids and Pro- 
teins; XV (1950) Origin and Evolution of Man; XVI 
(1951) Genes and Mutations; XVII (1952) The Neuron; 
XVIII (1953) Viruses: XIX (1954) The Mammalian 
Fetus; XX (1955) Population Genetics; XXI (1956) 
Genetic Mechanisms; XXII (1957) Population Studies; 
XXIII (1958) Exchange of Genetic Material. 





A photoelectric precision instrument for the rapid 
and convenient evaluation of strips and sheets 
of filter paper in partition chromatography and 
paper electrophoresis. 










Prices: Single volume—S8. 






Write for Bulletin +800 to 


“PHOTOVOLT CORP, 


Sets—any two different volumes, $14; 


plus $5 for each additional different volume. 





a Madison Avenue =~ New York 16, N. Y. — 
iso 


Colorimeters pH meters 
Fluorimeters Reflection Meters. 


i 

f 

, ‘ ibs i 

Address: Long Island Biological Association 
Cold Spring Harbor, New York 
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Nephelometers Glotemaians : 
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Versatile instrument for photo-fluorometric assay, identifica- inating than obtained through colorimetric or spectrophoto- 
tion and analysis of chemical constituents in the Ultraviolet, | metric methods. Can be used for micro or macro volumes. 
Visible and Infrared. Measurements are much more discrim- | Models for manual, oscilloscope or chart recording available. 


Bulletin No. 620 Mum Uadav.Uy | © ©) mm | O7.\ Ba O74 © Be INC. 


sent on request BRONX BLVD. AND EAST ee8th STREET e NEW YORK 7( 


Engineering, Research, Development, Design and Manufacture 
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frequency range 25 to 1500 Mcy/sec. 
Standard mounts are available for meas- 
urements on transistors and for com- 
mon-cathode measurements on seven- 
pin miniature tubes. The bride is 
passive; stability of calibration is de- 
pendent only on physical dimensions. 
Measurement ranges are: voltage and 
current ratios, 0 to 20; transimpedance, 
0 to 1500 ohm; transadmittance, 0 to 
600 mho; impedance, 0 to 1000 ohm; 
admittance, 0 to 400 mho. (General 
Radio Co., Dept. 221) 


® PHYSIOLOGICAL DATA TELEMETERING 
SYSTEM is a 20-lb. electronic package 
that measures blood pressure, heart rate, 
heart sounds, respiration rate and 
depth, skin temperature, and galvanic 


skin resistance. Intended for space re- 
search, the equipment is designed to 
operate in extreme environmental tem- 
peratures and under accelerations of 
several grav. (Gulton Industries, Inc., 
Dept. 219) 


™@ SUBCARRIER OSCILLATOR CALIBRATOR 
for FM telemetering calibration in field 
or laboratory is said to maintain ac- 
curacy of +% percent bandwidth under 
all conditions of use. The panel meter 
reads directly in percentage band- 
width; meters for remote indication are 
available. (Wayne D. Patterson, Inc., 
Dept. 218) 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 





Millipore’: ILTER 





Left: Millipore Filter 
Right: “Dense” analytical 
filter paper 
(Photomicrograph at 100X) 


Pore Volume 80% 


50 MILLION CAPILLARY PORES PER SQ. 
CM. OF SURFACE AREA 

The Millipore filter is a thin plastic screen with 
millions of tiny pores evenly distributed over 
its surface area. These pores pass directly from 
the top surface to the bottom. The MF is 
biologically inert and has heat and chemical 
resistance characteristics typical of esters of 
cellulose. 


PORES ARE 80% OF TOTAL FILTER 
VOLUME 


Because of the high ratio of pores to solid 
matrix, the flow rate of liquids or gases through 
the Millipore filter is extraordinarily high for 


Solid (Matrix) Volume 20% 





such a minute pore size. 


ABSOLUTE SURFACE RETENTION OF ALL 
PARTICLES LARGER THAN PORE SIZE 

Particles screened from liquids or gases lie 
directly on the surface of the Millipore filter — 
in a single plane — where they may be readily 
examined or tested. Fluids are cleaned with 


100% cut-off at specific pore size. 


TEN POROSITY GRADES 





OF PRECISE SPECIFIED SIZE 
Pore size is precisely controlled. 
For instance, in the HA grade, the 
variation of screen opening is 
+4% at a nominal pore size of 
0.45 micron. 





Send for FREE Sample Filter 





l 

| plus a catalog, technical bibliography and 

| more complete information on the MF 
applications in your field of interest. 

| Clip this coupon... attach it to your 

] letterhead... sign your name... and mail 

| 10 ose 

I 


MILLIPORE FILTER CORPORATION 
Bedford, Massachusetts 
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Type Pore Size Pore Dia. Rate of Flow* 
Code (microns) Variation Water Air 
VF 10mpz +2 mu 1.1 100 
VM 50 mz +3 mu 2.7 200 
vc 100mu = =+8myz 3.6 600 
PH = 0.30u +.02n 40 4200 
1 HA 045. +.02n 80 9600 
| DA 0.65 +.03. 175 28000 
| AA 0.80u +.052 220 33000 
| RA 12d =-.3n = 30038000 
I ss 30, +92 400 45000 
SM 5.0u 1.2. 560 70000 
' 
] *Mean Flow rates in cc/min/cm? filter area 
| @ 25°C and 70cm Hg Ap 








Letters ‘ 


(Continued from page 1302) 


Sulloway’s, which purports to set out 
Catholic doctrine on some subject, i 
to determine whether the Catholic} 
Church has actually taken a doctrinal 
stand in the matter. Unless she has, 
there is no “position of the Catholic 
Church,” and writers may, and almost} 
always do, argue pro and con. 

The Church is considered to _have| 
taken a doctrinal stand in a _ matter 
when she has (i) made an_ infallible 
pronouncement by the head of the 
Church; (ii) defined by an Ecumenical 
Council; (iii) authoritatively proposed 
some creed, formula of belief, or mat- 
ter of moral behavior. 

Consider two examples, the first be-' 
ing the question of the geocentric and 
heliocentric theories of planetary mo- 
tion. When the latter was first proposed 
in university circles by a Catholic, Co. 
pernicus, some Catholic writers were 
for it, but the great majority wer 
against it. The Church, however, did 
not then, and never has since, taken i 
doctrinal stand in the matter. The fact 
that “Catholic authors” adopted this or 
that position does not have anything 
to do with the question. 

For many centuries the majority of} 
“Catholic authors” took the position) ~~ 
that at the end of her earthly career 
the mother of Christ was taken up) 
body and soul into heaven. There were, } 
however, some “Catholic authors” who 
thought her body .was not assumed. 
After 1 November 1950 the matter was 
closed by a formal doctrinal statement 
by the head of the church. 

In the case of birth control the 
Church never has taken a_ doctrinal 
stand that “separation of intercourse 
and parenthood” is wrong. If she had, 
she could never have allowed marriage 
between those who are sterile, nor be- 
tween those who, because of advanced 
age, have passed the time when con- 
ception can naturally take place. How: 
ever, the legitimacy of the union and V 
the rights of the partners to use their 
marital privileges have been recognized 
in these cases for centuries. Unfortv- 
nately, since Davis was unaware of Tl 
these points, he was unable to poinl} 
out that a major part of Sulloway’ j 
thesis is irrelevant. - 

The second question that must be}] 10% 
considered concerns the nature of the}| Model 
Catholic Church. tain ¢ 

It is certainly understandable that 
Sulloway, believing the Church both 
inconsistent and in error, would hope 
it would change its mind on (what he T 
thinks is) its doctrinal stand. Your re- 
viewer is apparently unaware that an 

















essential claim of the Catholic Churcig | °°6! 
is that when it does take a definite docg§ ——__ 
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COLORADO SERUM ASSURES BRINKMANN 
: Quality 
: and Dependability 
Oul F : 
: Colorado Serum Co. is a reliable 
» KM = source of supply for animal 
olic = bloods and serums, diagnostic 
dite ° reagents, sheep blood products, 
Inal > complements, and a wide range 
h; * of plasmas, ultrafiltrates, sterile 
" eri si Meme R EC 0 R D | h f TITRATOR 
lic . *35 years of continuing research, 
ost + testing and experience, never 
* forfeiting quality. 
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mat- 
be: : 
and} ° P An 
mo e *The aa possible conditions 
¢ 2 F- prevail in maintaining our vari- 
osed ‘certle fer Ches < — ety of animals. ‘ 
pe ° *The newest equipment an 
Co- e Ties. | FREE CATALOG NOW! e highly experienced staff guar- 
wert ° antees you can order with con- 
No salesman will call... ‘ fidence from Colorado Serum Co. 
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id 
* COLORADO |/| SERUM CO. 
en a 
fact } The “Potentiograph” is the most advanced UNIVERSAL 
is Of AUTOMATIC RECORDING fully line operated TITRATOR. 
.: i PEAK OF QUALITY With an unmatched array of experimental possibilities, the 
hing laboratory and General Office “Potentiograph” is useful both for exploratory RESEARCH 
} 4950 YORK STREET * DENVER 16, COLORADO °* MAin 3-5373 and for fast convenient ROUTINE titrations. In addition to 
vy of the usual range of electrometric titrations—both potentio- 
ition = > metric and amperometric—, Dead Stop and conductometric 
é titrations may also be performed and recorded. Coulo- 
areer) metric titrations can be handled and facilities are provided 
1 Up, for recording the first derivative. The synchronized Motor- 
vere, ) driven Piston Burettes are available with capacities from 
who os 5 to 20 mi, reloading requires only a few seconds. The 
d delivery speed-synchronized with the recorder drive-can 
med. O be varied from 3 to 80 minutes for the full capacity of the 
: was } burette. The automatic TIME INTERVAL marking is only 
ment one of numerous unique features. We shal! be pleased to 
| P send you full information on this outstanding development. 
} CHICAGO, U.S.A. Most reasonably priced GUARANTEED Demonstrations without obligation can be arranged at your 
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| Moon Illusion and Age 





trinal stand it cannot be in error. This 
is because the Church believes it was 
founded by God and guaranteed by him 
against error in “faith and morals.” 
Over a period of 20 centuries the 
Church has never made an essential 
change in any of its doctrines. 

Two other points should be men. 
tioned in connection with the review, 

1) Davis believes that the method of 
birth control does not determine the 
morality of marital intercourse as long 
as the married couple “intends in good 
faith to have children and does have 
them.” The Catholic Church, on the 
other hand, believes that the end dog 
not justify the means, and that the use 
of bad means for a good end makes 
the act morally bad. While the end, 


limitation of the number of children,’ 
may be good in some cases, the means, | 


artificial birth control, are always bad. 

2) Davis does not make a proper 
distinction between the Church’s philo- 
sophical and theological position and 
the tactics that may be employed by 
Catholics in certain instances. The law; 
against contraceptives were placed on 
the statute books of Massachusetts and 
Connecticut by Protestants in the latter 
part of the 19th century. It is onl 
natural that, in opposing Margaret 
Sanger and her coworkers of 1914, 
Catholics should make use of existing 
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laws. The “first line of defense” against 
a fire is an existing firehose. 

Finally, I hope that in the future,’ 
when books of this type are reviewed, } 
the editors of Science will insist on the 
same objectivity in presentation of the 
position of the Catholic Church that 
they would on any strictly scientific 
matter. | 

J. KENNETH O’LOANE 
331 Seneca Parkway, 
Rochester, New York 


Leibowitz and Hartman in their re- 
port “Magnitude of the moon illusion 
as a function of the age of the observer” 
[Science 130, 569 (1959)] interpret the 
moon illusion “as resulting from a nor 
mal developmental process, namely the 
dependence of the magnitude of the 
size constancy correction on experi 
ence.” This conclusion is not in conflict 
with the result of their outdoor experi- 
ment, where presumably there were ob- 
jects of common experience in the 
horizontal plane which could provide 
the subjects with size standards and 
with landmarks for parallax distance 
determination. However, it is difficult 
on the basis of this “experience” theory 
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to see how the same results could be 
obtained in a darkened theater. If th 
theater is darkened to the extent that 
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no common objects remain in view, | 
then accommodation and convergence | 
will provide the only cues to the dis- | 
tance of the disks. (I assume this was 
the reason for conducting the experi- 
ment in the dark.) In the darkened 
theater, then, there remain but two 
variables: the position of the head rel- 
ative to the body, and the angular 
aspect of the otolithic organs. While it 
seems reasonable that these might be 
related to perceived size, it is not clear 
why the postural experience of children 
and adults should lead to the results 
obtained. 

Furthermore, I would like to point 
out one assumption underlying the 
mathematical sign of the correction. 


The authors state that, for near objects, | 
“for a given retinal image size, per- | 


ceived size is proportional to distance. 
However, as the observation distance is 
increased, this correction is no longer 
complete, and especially so the younger 
the subject.” This implies that the cor- 
rection is a magnification which in- 
creases with increasing distance. I note 
that, just as logically, the correction 
might be a diminution which increases 
in absolute value with decreasing dis- 
tance. This distinction bears on the 
following point. That the illusion is 
Stronger for the children than the 
adults may be explained in two ways. 
Either the children misjudge the distance 
of the disk when it is overhead (believ- 
ing it to be closer than the adults believe 
it to be) and “correct” just as an adult 
would for an object at that distance, or 
the children judge the distance of the 
overhead moon as an adult would but 
apply a correction different from that 
an adult would apply. (1 take the first 
quotation in this letter to indicate that 
the authors favor the latter explana- 
tion.) Now here the sign of the correc- 
tion assumes importance. If the correc- 
tion is a magnification, in the above 
sense, then the children are not cor- 
recting enough, and the correction will 
increase with age. But, on the other 
hand, if the correction is a diminution, 





then the children are overcorrecting, | 


and the correction will decrease with 
age. 


HowarpD C. HowLanpn | 


Department of Zoology, University 
of Pennsylvania, Philadelphia 


We agree with Howland with respect 
to the possible importance of postural 
and vestibular cues as factors influenc- 
ing perceived size. It seems reasonable 
to assume, on the basis of development- 





al studies, that children may be more | 


dependent on stimulation from proprio- 
ceptors than adults. Whether this is also 
true for perceived size is currently be- 
ing investigated in this laboratory. 
While it is logically correct to con- 








sider that the size constancy “correc- 
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tion” might be a diminution which in- 
creases in absolute value with decreas- 
ing distance, such an assumption would 
not be preferred, in view of the experi- 
mental data relating: size matches to 
the age of the observer. Children and 
adults produce the same matches—that 
is, make a correction for distance of 
the same magnitude—for close observa- 
tion distances. It is only by increasing 
distance that differences are obtained, 
as manifested by the more rapid falling 
off of the tendency toward constancy 
for the younger as compared to the 
older subjects. We have interpreted 
these data to imply the following rela- 
tionship: the younger the subject and 
the greater the distance of observation, 
the smaller the magnitude of the correc- 
tion. We suggested also that experience 
plays a role in this correction, although 
we are not certain whether it is medi- 
ated by visual or proprioceptive cues. 
The data obtained in the dark room, 
which presented some visual cues due 
to scattered light from the projector 
beams, do not permit us to make a de- 
cision at this time. 

The suggestion that one investigate 
the role of perceived distance, with 
perceived size considered as a secondary 
effect, is both logical and tempting. Ex- 
perimentally, however, it has proved to 
be relatively easy to obtain reliable 
measures of perceived size but extreme- 
ly difficult to measure perceived dis- 
tance, especially with children. For this 
reason, we prefer to avoid speculating 
as to whether perceived size or perceived 
distance is the more basic variable, and 
to emphasize the dependent variable of 
matched size, which can be assessed ex- 
perimentally. We know for certain that 
as physical distance is increased, size 
matches become less veridical, but we 
are not able, due to methodological 
limitations, to determine whether these 
data result from a failure of perceived 
size or of perceived distance. 

H. LeEIBow!ITz 
T. HARTMAN 
University of Wisconsin, Madison 


Correlation 


The recent Stetten and Hearon re- 
port, “Intellectual level measured by 
Army Classification Battery and serum 
uric acid concentration” [Science 129, 
1737 (1959)], gives a coefficient of 
correlation of +.0759, which the 
authors in effect say is statistically sig- 
nificant. From this result the authors 
conclude that “a low level of positive 
correlation . . . does indeed exist be- 
tween the score attained in the ACB 
test and the level of uric acid in blood 
serum in the population studied.” 

Leaving aside the unusual device of 


reporting an estimate like this to four 
decimal places, we have here a co. 
efficient of correlation of about .08 
Even though the result is statistically 
significant, it is very doubtful that the 
conclusion follows. This is evidently 
a case of confusing statistical signif. 
cance with practical or scientific sig. 
nificance. If the coefficient is squared, 
the result yields an estimate of the per- 
centage of the common factor variance 
shared by the two variables. Squaring 
it, we get .0064, or about 0.6 percent, 
Thus, to be generous, it can be said 
that the variables of this study share 
about 1 percent of their ‘variance in 
common! (Incidentally, the assumption 
of normality is not necessary for com- 
puting r, as the authors imply [see M. D. 
Nefzger and J. Drasgow, Am. Psychol- 
ogist 12, 623 (1957)]). 

FRED N. KERLINGER 
School of Education, 
New York University, New York 


In our earlier publication we found 
and reported a small but statisticall) 
significant correlation between score 
achieved in the Army Classification Bat- 
tery and serum uric acid concentration 
in the population studied. Kerlinger 
apparently agrees with these findings 
but questions our conclusion, which is 
merely a restatement of these findings, 
that the correlation coefficient obtained 
is positive, small, and significantly dif- 
ferent from zero. There is no confusion 
in our report between “statistical” and 
“practical” significance, since we have 
used the term significant only in its 
statistical sense. The correlation was 
originally examined for what appeared 
to us to be adequate reasons, stated in 
our earlier communication, and _ the 
value of r, though small, was considered 
worthy of publication, since it answered 
a question raised by Haldane [J. B. S$. 
Haldane, Nature 176, 169 (1955)]. 

The interpretation of the answer is 
left to the reader. The improvement of 
the estimation of one variable from the 
knowledge of its correlation with the 
other is small by any test, including the 
statistic r° employed by Kerlinger, and 
it was never our intention to suggest 
replacement of intelligence testing by 
serum urate analyses. Although not 
helpful in the prediction of one variable 
from knowledge of the other, the cor 
.elation might provoke inquiry into 
a possible biological basis. Incidentally, 
it was neither stated nor implied that 
the assumption of normality is neces: 
sary for computing r. The assumption 
is necessary, however, as we have 
clearly stated, for the test of signifi 
cance which we employed. 

DEWITT STETTEN, JR. 
JOHN Z. HEARON 
National Institutes of Health, 
Bethesda, Maryland 
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(Wiiiiil POStTIONS WANTED ill 


Pharmacologist, Ph.D. Industrial research and 
teaching experience. Desires stimulating position. 
Publications. Young, married, children. Box 245, 
SCIENCE. 





(a) Pharmacology Ph.D.; pharmacy B.S. degree; 
university associate professor, 7 years; consultant 
on research, patent applications, and so forth, 
for drug firm, 6 years; prefers pharmaceutical 
research-administrative appointment. (b) Embryol- 
ogy Ph.D., extensive experience teaching parasitol- 
in universities; desires teaching- 
research position. S11-2 Medical Bureau, Inc., 
Burneice Larson, President, 900 North Michigan 
Avenue, Chicago. x 





Pharmacologist-P hysiologist, married, M.A., 
Ph.D., M.D., certified in internal medicine; age 
44; numerous publications in general field of 
cardio-vascular mechanisms and drug action. 
Would like opportunity to set up department in 
medical university and also continue investiga- 
tion program. Broad teaching experience. Box 
10/30; 11/13 


Mit POsrT1oNs OPEN ill 


Assistant Clinical Chemist. Masters’ degree in 
biochemistry or bachelor’s degree in chemistry 
Plus experience. Will assist in supervision of 
Clinical chemistry laboratory, performance of 
special tests, and teaching of students. Accredited 
400-bed hospital, large eastern city. Box 240, 
SCIENCE. 11/6, 13 














Iii] POSITIONS OPEN iil 


Assistant Editor needed by national science and 
public affairs magazine. Small staff. Varied duties. 
Give full particulars. Bulletin of Atomic Scien- 
tists, 1100 East 58 Street, Chicago 37. >, 4 





(a) Bacteriologist, M.S., Ph.D., to head depart- 
ment, approved training school in busy laboratory, 
600-bed voluntary general hospital; lovely south- 
ern city. (b) Biochemist, M.S. preferred, to head 
department, fully approved 400-bed general hos- 
pital; $6600 or better; midwestern college com- 
munity. (c) Bacteriologist; M.S., Ph.D., preferably 
interested serology, virology; also ye bacteriol- 
ogy section, very large general hospital; southern 
university city 500,000. (d) Biochemist; young 
Ph.D. to head department, group of eight certi- 
fied pathologists also supervising several hospital 
laboratories; $9000; Los Angeles area. Woodward 
Medical Bureau, Ann Woodward, Director, 185 
North Wabash Avenue, Chicago. x 











BIOCHEMIST—Ph.D. or M.S. 


Immediate opening in biochemical de- 
velopment for a man trained in antibiot- 
ic and natural product isolation. Strong 
background in organic and fermentation 
chemistry desirable. Opportunities for 
accomplishment and advancement. Send 
résumé of education and experience to 


EMPLOYMENT DIVISION 
ABBOTT LABORATORIES 
NORTH CHICAGO, ILLINOIS 











CHROMATOGRAPHY 


A chemist experienced in chromatography 
required to head up program; age 28 to 40 
years. He will be responsible to director of 
research for development of chromatographic 
methods, Will 
labora- 


apparatus, and _ techniques. 


direct operation of chromatographic 
tory, liaison with sales department. 
commensurate with qualifications 
Apply in writing to 


Salary 
and experi- 
ence, 

Frederick Brech, Director of Research 


Jarrell-Ash Co. 


26 Farwell Street, Newtonville 60, Mass. 














Jensen-Salsbery Laboratories, 
Offers twc new appointments: 


1. Bacteriologist or Virologist 


ment work on existing and new products. 


ies 


Microbiologist (Tissue Culture) 


but not essential. 

systems. 
Personal growth. 
these appointments. 


2ist and Penn, Kansas City 41, Missouri. 





Inc., manufacturer of pharmaceutical and biological products, 


Applications are invited from microbiologists with laboratory experience in bacteriology or 
virology. Requireménts are a master’s degree or doctorate in a microbiological science and 
Several years’ laboratory experience. Experience in immunology and concerntration of blood 
The successful applicant would assist in super- 
vising the manufacture of immunological products and also carry out research and develop- 


protein factor is desirable but not essential. 


Graduates in microbiology are invited to apply for a position in the tissue culture laboratory. 
Applicants should possess a degree in bacteriology or other biological science and have 
postgraduate experience in microbiology. Experience in tissue culture techniques is desirable 
The successful applicant would assist in the manufacture of tissue culture 
virus products and the development of new virus and other vaccines prepared in tissue culture 


These positions are with a rapidly expanding company and offer excellent opportunities for 
Initiative and the ability to contribute ideas are essential qualifications for 
Apply, giving a concise summary of qualifications and experience, to the 
Personnel Manager, Jensen-Salsbery Laboratories, Inc. (a subsidiary of Vick Chemical Company), 
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Investigate 
the widest variety 
of openings 
in recent years 


At the Knolls Atomic 
Power Laboratory 


For the first time in recent 
years, current openings here ex- 
tend into disciplines generally 
considered outside of the tra- 
ditional nuclear areas. As a re- 
sult, excellent opportunities 
exist today for men interested 
in entering the nuclear field for 
the first time, as well as for re- 
cent graduates and, of course, 
experienced nuclear engineers 
and scientists. If you’ve been 
thinking of exploring profes- 
sional opportunities at KAPL, 
we suggest you make your in- 
itial inquiry today. 


Current Openings: 


Reactor structural design 

Primary & secondary 
systems design 

Reactor operation 

Heat transfer, fluid flow 

Shielding design 

Powerplant performance 
evaluation 

Powerplant & reactor 
instrumentation 

Powerplant & reactor controls 

Control drive design 

Electronic equipment 
development 

Experimental reactor physics 

Theoretical reactor physics 

Nuclear analysis 

Mass spectrometry 

Reactor materials development 

Process development metallurgy 

Materials irradiations 
experiments 

Materials quality control 

Mechanical metallurgy 

Metallography 

Applied ceramics 

Chemical analysis, 
vacuum techniques 

Analytical chemistry, 
X-ray diffraction 

Radiochemistry 

Corrosion technology 

Advanced engineering 
mathematics (PhD) 

Advanced numerical 
analysis (PhD) 

Mathematical statistics & 
design of experiments (PhD) 

Mathematical analysis & 
computer programming 

Computer operations 


U.S. Citizenship Required 


Forward your resume in confi- 
dence, including salary require- 
ment. Please also state your job 
interests. Address: Mr. A. J. 
Scipione, Dept. 74-WS. 


Kuolle Alomia 


orematco FOR aE Ee - Laboralory 


GENERAL @@ ELECTRIC 
Schenectady, N.Y. 
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Wii POsrTrONS OPEN jill 
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Wil!’ POSITIONS OPEN iil 





Bacterial Physiologist, Ph.D. Full-time research 
appointment, with academic privileges in estab- 
lished bacteriology laboratory in midwestern univ- 
ersity dental school.’ Research in physiology of 
oral microorganisms. Excellent facilities, opportu- 
nity to publish. Salary, $6500-$7000; other bene- 
fits. Give detailed information in reply. Box 248, 
SCIENCE. 11/20 





BIOLOGICAL 
SCIENTIST 
Ph.D. 


THE MAN—High academic qualifications; im- 
agination; facility in communication, written 
and oral, with both scientists and non-scien- 
tists. 


THE JOB—Significant role in clinical develop- 
ment of new therapeutic agents including de- 
sign of studies, interpretation of data, and 
evaluation of clinical utility. Wide contact 
with company scientists, clinicians and man- 
agement. Ample opportunity to attend im- 
portant conferences and to contact investi- 
gators. 


Send reply to: 
L. H. WATSON 
SMITH KLINE 
& FRENCH 
LABORATORIES 


1520 Spring Garden St. 
Philadelphia |, Pa. 








CHEMIST 


The Warner-Lambert Pharma- 
ceutical Company requires a 
B.S. chemist to perform micro- 
analyses. Must have actual ex- 
perience with carbon and hy- 
drogen combustion and Dumas 
nitrogen analyses. 





SEND RESUME TO 
Supervisor, Technical Employment 


WARNER-LAMBERT 
PHARMACEUTICAL CO. 


Morris Plains New Jersey 





(a) Head Bacteriologist, Ph.D. or M.S. degree, 
for expanding department in 800-bed hospital; 
South. (b) Professor and Head of Physics Depart- 
ment, $10,000 per year; Midwest. (c) Mammolog- 
ist or Veterinarian experienced in breeding chim- 
panzee colony for new program in West Africa. 
(d) Pharmacologist, Ph.D. or M.D. degree, as 
head of cardiocascular research for pharmaceu- 
tical firm, around $10,000 year, East; (e) Chem- 
ists, Ph.D.. M.S., and B.S. levels, for research 
in protein fractionation, Midwest; (f) Endocrinolo- 
gist, Section Head, to supervise and conduct re- 
search on sex hormones and reproductive physiol- 
ogy with large pharmaceutical _ firm, idwest. 
Sll-2 Medical Bureau, Inc., Burneice Larson, 
President, 900 North Michigan Avenue, Chi- 
cago. x 








Science Teachers, Librarians, Administrators ur- 
gently needed for positions in many states and 
foreign lands, Monthly non-fee placement journal 
since 1952 gives complete job data, salaries. Mem- 
bers’ qualifications and vacancies listed free. 1 
issue. $1. Yearly (12 issues) membership, $5. 
CRUSADE, SCI., Box 99, Station G, Brooklyn 
Ny 5 ew 





Virologist. Masters degree with virus training and 
2 years’ experience. Salary $440 to $550. Also 
opening for Bacteriologist with masters degree or 
1 year’s experience. Salary $400 to $550. Entrance 
steps dependent on qualifications. For work under 
experienced virologist in diagnostic and research 
activities in well-equipped State Virus Laboratory, 
State Board of Health, Helena, Montana. 

11/13, 20, 27 


The Market Place 


BOOKS + SERVICES + SUPPLIES +» EQUIPMENT 








DISPLAY: Monthly invoices will be sent on 
a charge account basis—provided that 
satisfactory credit is established. 


Single insertion $33.00 per inch 


4 times in 1 year 30.00 per inch 
7 times in 1 year 28.00 per inch 
13 times in 1 year 27.00 per inch 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 











ill BOOKS AND MAGAZINES jill 








iil SUPPLIES AND EQUIPMENT jj 










k 
“From the hand of the veterinarian 
Y 







to research”® ‘ 


albino rats 


CHARLES RIVER CD 
(Caesarean derived) 5 
CHARLES RIVER SD 
(Sprague-Dawley descendants 
CHARLES RIVER W 
(Wistar descendants) 


@ Only Charles River CD animals used 


@Rigidly controlled environment 
(same bldg.) birth to surgery. 


HYPOPHYSECTOMIZED RATS } 
@ High speed surgery by graduate biologists, 
@10 years experience animal surgery. 

@ Overnight air service from Boston 


THE CHARLES RIVER BREEDING LABS | 


Dept. B, 1093 Beacon Street, Brookline 46, Mass. 
Henry L. Foster, D.V.M., President 5 








Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 











DVORINE 


Pseudo-lsochromatic 

Plates * 
Distinguishes the color- 
blind from the color- 
ignorent. 


Classifies the color-blind 
according to type and 
severity of defect. 


Special arrangement 
prevents malingering. 


With Directions 
$15 each, less 5% 
Forces. you send check 


SCIENTIFIC PUBLISHING CO. 
2328 Eutaw Place—Dept. S—Baltimore 17, Md. 





*The most widely ° 
accepted test in 
the US. Used by 
Medical Examin- 
ers of the CAA, 
VA and Armed 


if 


- 














iil PROFESSIONAL SERVICES ill 


ee 22220 © O22 e@ eO@ 22 e@ 2 See 
’ LABORATORY SERVICES ‘ 
for the ' 

FOOD and DRUG INDUSTRIES } 
Drug Evaluation, Food Additive Studies, * 
Chemical and Biological Assays, ' 
Clinical Studies, Research : 


Lf 
—caewaeee 


La WALL & HARRISSON 











FOUNDED 1922 
FESed ond Bug 
FEO wrearch Keaabcrateries 


—n CORPORA T EE OD 


Maurice Avenue at 58th Street 
Maspeth 78, New York City 
CABLE: FOODLABS _— TEL. TWINING 4-000 














ill SUPPLIES AND EQUIPMENT IM 
e HYPOPHYSECTOMIZED RATS 


= to all points via Air Express 

or further information write 
HORMONE ASSAY LABORATORIES, Inc. 

8159 South Spaulding Ave., Chicago 29, Ill. 





















The 
YOU NEED THIS FREE in au 
CATALOG FOR YOUR FILES 
Serums, antiserums and bloods : contr 
of all kinds for technicians and tissue : 
culture laboratories. No salesman will call. | refrig 
COLORADO SERUM CO. ; 
4950 York St.* MAin 3-5373* Denver 16, Colo, centr 





Laboratory Animals 


Mice Guinea Pigs 


Rats Hamsters Rabbits 
Information sent on request 
H. S. HURLBURT \ 
Animal Research Center, Bainbridge, N.Y. | 
WOrth 7-5415 











1919-1959 
LaMotte Chemical 
Chestertown, Maryland, U.S.A. 
Specialists in 
Colorimetric Techniques 
D te. Ces. | 


_ 


ds-C ators 





Send for Illustrated 


Controls Handbook Dept. H 











The Monitron 


DUAL BEAM LIGHT SCATTER 
PHOTOMETER 

Stable 

For monitoring dusts, aerosols, 


and atmospheric particulate mat- 
ter. 


Sensitive 


THE MONITRON CO. 
1815 Wilaray Terrace 
Cincinnati 30, Ohio 
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a 


FREE Subscrip- 


tion to AEROGRAPH 
Research Notes, @ 


Gas 






Chromatography Janine 
h hy, We 

offer a. omplete se rion Of esconttal supplies en NOt Co 
the Aerograph line of GLPC equipment. } 

Send for your free subscription today ‘other ¢ 

WILKENS INSTRUMENT & RESEARCH INC: 'turer, | 
Box 313, Walnut Creek, California ‘ 

YEllowstone 5-1469 





p 
dd. ! * 











1370 


SCiENCE, VOL. ! 





jants 


The latest word 
in automatically- 
controlled, 

| refrigerated 
| centrifuges 


| 


igs 


= 


ators 


it. H 








= MB Ani independent company; 


fee ani not connected with any 
today I centrifuge manufac- 
INC. turer, ESTABLISHED 1934. 


e AUTOMATIC CONTROLS 
e SUPERSPEEDS 
e RFC IN EXCESS OF 35,000 x G 


e CONTINUOUS FLOW 
e MODERN, FUNCTIONAL DESIGN 


No fewer than five different rotors may be used in the new 
SERVALL RC-2: Superspeed, Large Capacity, Multi- 
Tube Superspeed, Horizontal, Virus & Particle Counting 
(with others under development). Gyro-Action Direct 
Drive: the only significant self-centering development in a 
decade; provides smoother operation than any other drive 
system. Continuous Flow System permits g rallon quantities 
of material to be separ ated directly in tubes. Automatic 
Acceleration, Dynamic Braking, and exclusive Dual 
Automatic Temperature Control for accurately main- 
taining material temperature within + 1°C at all times. 


BASIC UNIT INCLUDES STANDARD 8 x 50 ml SUPERSPEED ROTOR 


Write for more information about this, the Superspeed 
Automatic Refrigerated Centrifuge that researchers 
everywhere have been asking for: Bulletin $C-11-RC-2. 


hvan Sorvall. Inc. = 


NORWALK - 


of Superspeed Centrifuges. 
CONNECTICUT 





4 announces stocks of 


Stopcocks with LUBRICITY 


The new Kimble Stopcock} with Teflon* plug com- 
bines the well-known advantages of Teflon with 
some important new features of construction. 


Teflon plugs are self-lubricating, non-contami- 
nating and non-freezing even after extended contact 
with strong caustic solutions. The specially de- 
signed washer and nut of the Kimble Stopcock are 
also of Teflon to facilitate manipulation and pre- 
vent binding and leakage. 

The exaggerated 1:5 taper of the plug, together 
with tooling and finish of the barrel, ensure leak- 
free seating and correct alignment of the plug for 
smooth turning without binding. Kimble Stopcock 
plugs of Teflon can be identified by the distinctive 
orange color of the nut and crossarms, the latter 
being ribbed to allow a firm grip. 

Tefion is the most resistant to chemicals of any 
material now being used in the manufacture of 
laboratory ware. At temperatures up to 260°C 
(500°F), Teflon is inert to practically all chemicals 
except fused alkali metals, chlorine trifluoride, and 
fluorine at elevated temperature and pressure. 


*DuPont registered trademark for fluorocarbon resins 


KIMAX 
rae tl OO) 


ad Ol ee— eM @) AJ O41 @] OF 1 @— 


e Non-freezing 


¢ Self-lubricating 


The following and twenty-six additional items of 
Kimax borosilicate glassware with Teflon plug stop- 
cocks are illustrated and described in new Kimble 
bulletin SP-51, copy of which is sent wpon request. 


2442-X. Burettes, Kimax borosilicate glass, with 
Size 2 straight bore stopcock with Teflon plug. 
Capacity, ml 10 25 
Graduation interval, ml 1/20 1/10 

8.10 8.10 
Per case containing 4.. 29.16 29.16 


5630-W2. Funnels, Separatory, Kimax borosilicate 
glass, with stopcock with Teflon plug. 
Capacity, ml 125 250 500 1000 
Stopceock size No..... 2 2 4 4 
8.25 9.80 11.25 15.20 
4 4 4 2 
Per case........... 29.40 96.28 40:50 @f.ge 
9287-A5. Stopcocks, Kimax borosilicate glass, straight 
bore, with Tefion plug. 
Bore, mm 2 3 4 6 
6.10 8.00 9.60 
32.94 43.20 51.84 











Per case containing 6 29.16 


tLab-Crest style Stopcocks with Teflon plugs manufactured by Kimble under Fischer & Porter Patent No. 2,876,985 


All twenty-nine items of Kimax with new Kimble Teflon plug stopcock are in our stock for immediate 
shipment, and may be assorted with other Kimble ware which qualifies for quantity discounts. 


A. H.T. co. 


PHILA., U.S.A 


LABORATORY APPARATUS 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on a 


Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA 5, PA, 





